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Pennsylvania Railroad by Joseph M. \ Wilson, M. Am. Soe. C. Later, in 


ice of bridge shops, he used the aa method ‘dimensioning, as 


Ss former ly outlined by Mr. Cooper « and others; an and when n subsequently he ; 


ae 


7 returned to the use of the Launbardt formula, he recognized more fully — a 


although its s results, as being universally applicable to oloug.and chert 


avany and to special conditions, were extremely y gratifying v where the 
em of time consumed in calculations was not a matter of importance. _ 


It was in the endeavor to simplify the application of of this general prinei- 7 


ple, w hile yet yet retaining its technical value, that the original experiments, 
a8 published i in n Engineering i in 187 1, were more carefully examined. Er 


; 9 The » adoptio ion of the Launhardt formula and the acceptance ¢ of the 


is theory of “ ‘fatigue of t metals” had met with the most strenuous _ 


Je opposition by y those who had formulated or used the older methods of © 


design. One of the most severe arraignments of this: theory which 
came to the author's notice, was that of Mr. ooper, * when bed de- 


scribed the term | ‘‘fatigne of metals ” as absurd and unscientific” 


although his later, specifics ations. provide for ‘separate | live 


strains ‘in parts of the: structure, it understood that the step 


: _ was taken because of the § general uncertainty in the effect of live load, — 


ei. 


rather than as any concession to the theory of ‘ fatigue. 
To the author’ mind, th the experiments of Ww Vohler not ot only 


og 


theory of ‘their perfect: elasticity, as formerly accepted. These experi- 


ments were made with ‘that careful attention to details for which the 
2 German Engineers are e justly famous, , and though 1 they involve such a ,. 


“variety of conditions as to render refined analysis difficult, yet they show — 


auniformity 0 of results which leads to unquestionable deductions. | ‘These 7 


riments have been of the greatest value in the study of the res resist- . 


PERIMENTS. 
1ich Ww ‘hler experimented included wrought 


apse steel, “cast steel for axles, and sp spring steel, but the results : 


obtained upon wrought i iron and spring steel were so much more com- ‘> 
plete and satisfactory han the others that the present review may y be 7 


* Transactions, Am. Soc. C. E., Vol. xvii, p. 181, 


— 
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‘Maximum strain Minimum strain ap lications of load 
square inch. square inch. before reaking. 


51 360 Ibs. 


373 
Repeated of ‘Transverse Strain between known 


Maximum strain per Minimum strain 


Number cf applications of load 


before breaking. 
750 


> - Rotating Bars, Fixed at One End, and | Loaded at the Othe 
alternately equal st in opposite directions). 


pieces ces with filleted shoulders. 


Strain per square inch. before breaking. 


29960 « 3 145 
192 260 - 19 186 791 
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"Test piece with square shoulder. 
before breaking. 


1608570 
IT 120 14.695 
*And not broken. 


‘From these se experim iments Wahler 


limits of strain per square 


Maximum strain. Minimum strain. 


120 Ibs. + 17 120 Ibs. 
680 Ibs. 


UnreMPerep Cast STEEL FOR 
(Material furnished by Krupp. ) 
Repeated Application of Transverse Strains (varying | between known 

4 No. 1. ) 


strain per Number of applications of of load 
square inch, square inch, breaking. 


107 700 “Tbs. 89950 
132 650 
117 000 
197 400 
468 200 


600 000* 


NO. 


— square Difference, of load before 


000 Ibs. 17-762 Ibs. 89-238 Tbs. 000 

000 4 53 ; 58 500 400 050 


900" 


— 
ay 
18 
recommends the following asthe — 
— 
‘ 
>. 
im 
Ata 


i 
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INA 


96 300 lbs. 400 Ibs. 74900 Ibs. 


96 300 53500 42.800 


me 


*96 300 
“ant not broken. 


64 200. 100 33 600 000* 


Maximum strain Minimum strain "Number of a 
10 700 Ibs. 900 Ibs. 
21400 64200 « 


2 135 670 


 *And not broken. 


Difference. 


21 400 58.500 500 7018000 
(26750 483 150 
if From these experiments Ww dhler the followi ing 
74900 


Maximum strain 4 Minimum strain of 


800 ‘ 58500 4 
800 $$ 58500 42 800 “ 300 900. 


35 800000 


4 | 


— 
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— *85600 “ 42800 42.800 
: Maximum strain __ Number of a 

ay 
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# "repeated application of a strain much less than that which would be— 
required to produce rupture by a single application. the five sets of 


experiments on cast steel each show that as the an amount of the strain iY 7 


whieh i is repeatedly applied i is decreased, the number of applications — 
required to produce rupture is increased, , until a strain. is reached 


_ which will not produce rupture after an infinite num ber | of ‘applica 


tions. Bets Nos. 2 to 5, inclusive, also each that the 
material may sustain a given maximum strain, ‘but that fracture may _ 


produced by repeatedly removing a portion of this strain. It is 
evident, ‘therefore, that this change, of strain , with the resulting 


fatigue produced by it, ‘is s sufficient to cause rupture under the condi- — 


noted. Could there be any more convincing demonstration that 
was fatigue, and fatigue only, which produced the results 


‘in each set? The ‘opposition n to the ‘ fatigue o: of metals,” in 1 the face of 


these experiments, would seem to an objection to to the use of of a 
rather than to the acceptance of an idea. 
y Referring to the tabulated results of the tests on s on wrought ; iron, it - 


is ‘not w where derives the limit which he r recommends 


experiments, both v with | with strains, in- 
dicate — — 34 240 lbs. — 0 Ibs. ms if the latter limit were e substituted for 
that re recommended by Wahler, the allowable strains would be m modi- 


‘Sete of strain and are too brief to permit of the formulation of any 
definite theory, there seems ample basis for a general theory of work, _ 


ive, that the material is capable of doing a costal amount of work — = _ 


peenryiene possibly from the treatment, or work, , which it receives in 
manufacture), , and when that amount of work ‘is exceeded, the n mate-— 
tial becomes fatigued, and its s tenacity finally destroyed. red. Under these 


circumstances the destructive ve effect of live strain may be o 


Gerber, and in the ‘experiments on wrought iron. just cited, that teffect 


: would s seem to be: about i in the ratio of 2 to 1 for all cases, s, thus: : <a 
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 Livestrain. Dead quiva ent dead 


7 strain. 
Maximum. | Minimum. ) (Dead + 2 Live.) 


34 240 34 240 “ 0 68 480 


= 


—! 


> " plete to to be considered as the demonstration of an exact law, yet they | . 
may be regarded as confirming the general theory of work. an ata i ‘a 
‘The experiments on spring steel | are equally interesting, and 
, ii the most com lete and and satisfactory of of any of those made by Wohbler. gs 
omplete 
they demonstrate conclusively the fatigue of metals; and the fact 


that they w were mate upon a homogeneous “material: ‘makes them 


No. 1 of these experiments is merely tion of t 
shown i in the experiments on wrought iron. 1 The applied load was 


diminished for each successive experiment, ‘until one was 


of of applications. Int the ‘second and following sets method of pro- of pro- 


| 


further into the demonstration of the fatigue of metals, but in this con 2% 
F. nection the results < of Bauschinger are so pertinent that they : should not 


| be o ov verlooked. By the use of a delicate micrometer he ascertained that, ay 
_ at the very beginning of loading, a slight permanent set was noticeable. ape f 


. How far the element of time affected ae result i is difficult to determine, a4 


a ‘since there ‘appeared to be a a tendency i in the material to: ‘return to ‘its 


former: state of rest for days, and sometimes weeks, after r the. load was ae ; 


removed. The fact of this slight s set is probably the tru true explanation 


$ of the results obtained by Wéhler, and it has so modified former ideas Frc 


the perfect elasticity of metals, that the t term must be abandoned or 


definition Bauschinger himself to use then more 


to the old ont Elastic Limit,” 


ile 


ok 


— 
— 

= 
a 

— 
— 
— = 
— 
>» Val ire was adopred Which removed al aS vO tne Cals 
rupture, as has been already described. 

— 
= 
— 
— 

1 
— 
oe have preferred the concise term, ‘‘ Yield Point,” but others still ad 


BRI DGE SPECIFICATION 


= 
‘Tae Lavunnarpt Formvta. 
‘hese experiments on spring steel are so much more systematic and 
than any o 1y others ma de, that they have been generally regarded 
> 4 as as presenting the most accurate in formation obtainable upon the : sub- 
ies of fatigue of metals, and it was in n the endeavor to | deduce s an 


e« expression which would indicate the effect of this fatigue, a8 CO compared = 
4 


= with that of } goenane | strain, that Launhardt outlined his formula. 7 
%. The derivation of the formula* shows that, although it was sought . 
a rational method of procedure, it contained an arbitrary step 


4 


& which made the v value « the formula entirely dependent upon the 
th those of experiment. 
Where a = safe working 
u = safe strength for variable load, 


t= safe strength for permanent load. 
Since the value of thi this formula depends upon the ) agreement with = 
“experiment; and ‘since the "general tueory of work suggested will” 


depend upon a similar comparison, it is interesting to note what — 


a In n comparing | the results of the formula with those of experiment, ar 
4 the value of u was taken from set No. 1 a0 585 500 D Ibs. (500 cer centners), b but 


the value of not having found in any of the duration e experi- 


ments” made on spring § steel, ‘was assumed, and avalue of 117 700 lbs. 
a 100 ) centners) was taken, which would | bring, by the formula, the - i 


intermediate results of sets Nes: 3 and 4 in conformity with ‘hess of 


the tests. Had any other value of ¢ been taken it is evident | that the (7 7 


See following table i is reduced and corrected from t the translation — 


htheex- 


By experiment )a.. 


—— formula for a 


al 
L 
i 
— 
q 
> 
a — 
| 
=). “ay 
Set. wend? Formula. | No. 5. | No. 4. | No. 3. wi: 
58500 | 76 480 | 85 600 | 96 250 700 
* Weyrauch, Structures of Iron and Steel.” Trans. by Du Bois. 


a t will be noted that i in two instances (sets Nos. 4and 3) the formula 


gives results corresponding: to those of experiment, but s since any other a? 


eS value of ¢ than that assumed would have given different results, the a 
comparison can hardly be considered a confirmation of the the formula. sa ‘ 


o_ Let the general theory of ‘work, as suggested in the experiments on 
in iron, be no now applied tot these same experiments on spring 1g steel. 


h precisely, perhaps, for absolute confidence, | since the material i is of ~ 
v ‘ariable character—but in thet tests with steel the variable results 


_ the same ratio of 2to 1 in these results, , as was used for apres iron, . 


he following table is derived How 


Live Strain a 
aS Chia (Maxim mum — — Minimum. ) (Minimum.) | (Dead + 2 Live.) 


alent ‘Strains in ¢l in this table shows th 


= 


— 


] q 


-s amining the tests of set No. 1, it wil will be noticed that 64 4 200 Ibs. was " : 


epplicd 468 200 time times belore fracture, and that there was no ‘test be- 


tween 64 200 Ibs. and 53 500 Ibs. There is no assurance, therefore, 


that a ) weight exceeding 53 53 500 Ibs., , and perhaps: nearly, © or quite, a 
equalling 64 200 Ibs. could. not have been applied indefinitely. Ha 
- 64 200 Ibs. sustained the tests s satisfactorily, the e equivalent dead strain s 
_ for this set would have been 128 400 Ibs., and would have exactly — > 
4 agreed with sets Nos. 4 4 and 3. ul, 
a Similarly, i in the second test of set No. 5, a maximum load of 74 900 
Ibs., and minimum of 21 400 Ibs., was applied ‘701 800 times 


fracture, a and no experiment was mate between these results a and those 


been found satisfactory, y, instead of the third test as the 


on minimum mum 26 75 750 Ibs. Hi Had som something nes near the second test ” ‘this set 


— 
g 
= 

| 

at 
q 
i= 
No. 1,| 58.5001bs. | 

74900” | 26-7501 
" 
column of I 
the results of sets Nos. 4 

— 
— 
— 
—— 


SEAMAN ON BRIDGE SPECIFIGATIONS. 
"although these. deductions are by 1 no means conclusive, they ar: are ex ex- a 


The “fatigue of metals ” is clearly established, 
4 theory « of also well and an 


r T 
sustained by "experiment. For e purpose of ‘of placing the su bject 


— 


defore the Society in a practical Sem, been in 


specifications g giv en. in the Appendix. ’ 


A Allowable ‘Strains. —In | determining the allowable strains for pro- 


portioning parts, a permissible dead strain is selected, and all other 
* conditions are reduced to this “Dasis. Dead and live strains are 
separately as usual, and ‘proper additions m made to the 


live load for effect of impact. strains which are by 


eolum mns may be properly provided for by t the column form ula, the 


whole reduced to equivalent dead strain and the required sections 

‘calculated i in the u usual way. . This method is “applicable to all condi- — 
- tions and locations of members in the structure, and avoids ids special — 


for local parts as was the common Practice in in the old 


An allowable unit strain of 18 000 Ibs. per square inch for dead 
a may be : selected as corresponding to the present practice in 


‘steel, though, w here | desired, t this m may be increased to 20 — Ibs. 7 


without ‘motifying the of dimensioning o 


may be treated alike, except that ‘it is necessary ti to consider 
signs ‘end the effect of flexure on the outer fiber of 
n ering the relative ‘effects of live and dead strains, it has 
> been sho that Wohler’s experiments indicate a ratio of 2 to 1, but 
> : ef they were made without intervals of rest and without impact or any ' 
; use of live strain beyond that noted in the tables. 7 In out- — 
lining g ge eneral s ‘specifications provision must be made for extreme con- 


2 ditions. In the elevated railways of large e cities, or or in . the aes railway 


4 


bg 


terminals, where the ‘passage 0 of trains” is almost incessan , there is 


— win 


rest for the structure; while the vibrations of: all passing = 


loads, together with unbalanced drivers, flat car-wheels and defective 


Aaa, will increase the live strains very considerably in addition n to 


d 


im 
wi 
48 
ig 
al — 
4 
4 


“When it is also — a 
according | to Bauschinger i it takes days, and perhaps weeks, for 
the material to fully from an applied strain, the ratio of 1 


dead and live | strains does not seem excessiv 4 


the impact due to sudden 


Having adopted the allowable dead strain “per square, inch, and 


the ratio 2 to to for the relative effect live dead 


| 


a8 the i increase of compressive strains due to flexure of columns. a The 


column formula in general use for compression is ‘directly appli 
cable to to the proposed method of dimensioning, and may | be adopted a : 


without change, except that the _Rumerator becomes | 18 000 
according to the allowable dead unit strain. For alternate » strains, ef 
_ however, the increase of compressive strain on the outer fiber due to 


flexure of column is found first, ead then the strain thes 
increased i is added to the tensile strain, in order to find the total live 
strain. This in increased strain due to flexure be found by one 
In making provision for impact, there is s neither a formula 
‘nor any complete system of experiments upon which to base a specifi 
cation, and the practice varies from making no provision all to 
‘making en an allowance of 100% fo for floor System an and adjacent | connec- 
tions. Special allowable strains for certain members, such as floor- 
_* beam hangers, have been ] provided i in some instances, but itis desirable ; 
to avoid all special cases ’ in a general: specification, and to so +4 
fs frame the general clause as to apply to the elements upon which ‘the P,: a ; 
sp special conditions are based. ' ‘The ratio of 2 to 1 for the allowable Ba 
a dead and live strains may be » considered as providing sufficiently for BH 
4 impact on long- ee structures not in continuous use. For short Fe: 
-_ spans of 100 ft. or less, additional p provision ‘seems nece unt mo 
of the sudden epplication of the load. To meet this requirement the 
aa. author w would suggest t the use of the table contained i in the 1e specifica- a 


‘4 tions until experiment furnishes authoritative data. , 
_ * This is readily explained as follows: The general formula is, p= P & 1 im in 

a q which P is the greatest strain allowable on any fiber of the column, and p is the reduced 


direct strain which may be applied at the ends of the column to produce the fiber strain | 
P by flexure. If, therefore, we have given, the direct strain to be applied to the ends of — 
the column and desire to a the resulting eng of strain on the outer ee the 


Those familiar with the deriv: ation of the formula will aan ze this as retracing one 
step in its 


— 
a 
i 
— 
2 : 
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— 
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Specifications. —The bridge specifications pr resented : as an an 


this ‘paper, it is believed, corres to the best practice of the 


clauses have been ‘made ‘rather full in in detail, since it is an easy matter 
oan those which are not desired, and it is hoped that the discus- we : 


4 


‘railroad te to have a corps of cities engineers | to design and 


maintain this class. of work, and, , when size of a road does not 


justify such an organization, , several ‘roads 1 may unite in its employ- 


specifications provide, either for the 


oad company, or for plans furnished by the manufacturer conn: 2 


approved by the company. In either case all original drawings should 
_ become the the property of the railroad, and for convenience in filing, a 


jard size of sheet should be adopted. 
‘The extreme refinements necessary for ‘the of continuous: 
+ “draw- -bridges and the impracticability of obtaining the theoretical r 
actions assumed in calculations has led, in ‘draw- y-bridge design, t 
si use of two spans, which may be lifted and ‘revolved, but whic 
in | Service, have the direct bearings and and reactions of a a single ‘Span. a 
“The use of continuous girders is therefore restricted to ‘those Cases 
the device of s separate spans may be impossible. bi 
; Tt is is preferable that the ties, guard-rai -rails, ete., of the floor ayetem 
be constructed by the re railroad company, as men are usually a 
ie i for purposes of maintenance and the work will be better and more 
a economically performed by them than by contract, but where this ] 
; cannot be done the spécifications describe the work required of the 


results of Wohler’s experiments than does the Launhardt formula, a 
. is ss 
ds 
railroad company rather than from that of the manufacturer, since it = 
the company’s interests which they are to protect, and since, also, the 
ii 
=< 
— 
— 
| — 
= 
| 
4 
— 


In discussing t the | paper Designing,”* the 


author fully reviewed the e subject of engine los loading. “The typical 
here specified corresponds closely to actual conditions. It 


al use, though 
a exceptional ¢ cases exist st which are somew swhat ‘aio and ore cars are 


~ now in service which weigh / 4800 Ibs. pe per lineal foot « of track. ‘The load- a 


ar a ing may be varied to suit d different railroads, by increasing, or or diminish- - 


‘ing, concentrations int same ratio, as has bem 


The allowable dead strain epeciied i is is 18 000 per square 


with the usual reduction for compression members. ‘The | column 


3 formula of Gordon, as modified by is and no 3 
explanation 


ye struc ture, is s the reason for the 
one formula. In thee case of alternate strains 


= the column formula i is replaced by its veoniomenl aaah 


already explained, but alternate strains are te be avoided wherever 


long» unbraced are used, the all 


but it is so customary to bra brace top flanges a = intervals ot about twelve 
"diameters that this. formula i is is rarely used. 
shearing and bearing values of rivets pins have been 
to thee same basis of allowable dead strain; ‘shear being three- 
‘fourths of the: allowable uz unit strain for direct t tension, and bearing ere 
one and one-half times the « same “unit. ; If the basis of 18 000 Ibs. 
_ is modified, these values should be correspondingly changed. rl The 
‘author is not aware of any specification which has made this distinc-_ 
tion b between live and dead strains in proportioning details, except 
those whieh the Launhardt formula throughout. The <= 


gee 
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“Committee o on on Uniform Methods of Testing Materials, , ete. have 


if 


= 
maintenance will testify that it i is is the live strain which causes loose 


rivets out the he bridge. To provide for dead and live 


‘the details of design the has yr 


cover every material point in first-class 


The general tendency « of recent practice is toward the adoption a 


soft steel for structural work. Drilling the ‘solid is obsolete, 
punching is almost universal, and perfect reaming is only 


fe when particularly required by the specifications. ‘The injury to steel 7 


-e from rough punching a and the » danger resulting from flaws increase _ 


with the hardness of the steel, and for this reason the soft steel will 
doubtless: continue in “preference. ‘The recommendations of the 4 


been generally ¢ adopted, except that a milder ‘steel than was Sie 4 
suggested i is here specified. Where the rive ret holes are punched {in. 


small, and afterward ‘drilled out to full | diameter, ‘it might b be advis- 
to use steel of ultimate st strength, 000 0 Ibs, 4 000 Ibs., ma 


a elongation 25 per c cent. In . such cas case the base for allow. able dead strain pit 


could b 4 
d be increased t to per s squareinch, 


os The subject of Painting is is a matter of controversy. _ The first es- _ 
sential ofa a good paint is” pure linseed oil; yet it is rarely ¢ obtained, 


and an adulteration is almost impossible to detect. — _ Objection has a 


been made to the practice of giving the steel a om of oil in the shops, - 
because of the n necessity | of having the oil thoroughly dry before the 


a -spection, together with the fact that the oil usually has several weeks 


; — is | applied, br but the many advantages of oil for purposes of of ae 


ex in which to. dry before the coat of paint is applied, make it v very de- a 


sirable asa shop coat. For the subsequent conte the author prefers 

en lead, where the structure is to be exposed te ‘0 the > weather, and " 


ae carbon paint where exposed to locomotive fumes. . In either case it is 2 
important nt that pure oil should be e used. With 1 red lead the ne difficulties 
of m mixing and applying | the paint make it important that only men Bes + 
in this work should be employed. 

the sather « of ix inspection the author has little to say. There 


is no clement i in bridge more important, if properly 


— 

to — 

- 

— 

— 

— 

| 

4 

— 
— 

perfect mechanical work until they maintain the structures they build. _ 
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SPECIFICATIONS FOR STEEL RAILROAD doses 


AND 


_ struction of all members and connections. 2a In case of draw bridges, all 
machinery shall be similarly shown, = 
ae 1 dri rings furnished by the railroad company, whether of general 
location « or of details of construction, , shall be strictly followed. E; 
_ Upon the award of the contract and before work is commenced, o 2 


complete set of working drawings, in duplicate, including strain 


a sheets and general drawings previously mentioned, shall be submitted — 


ie to the railroad company for approval. ~All material ordered or work 


_ done before the drawings are approved shall be at the risk of the co 


~ All drawings shall be made on the dull side of tracing cloth, and of — : 
a uniform size of 24 x 36 ins. After the work is completed, these dow ‘as 
ings, in good condition, shall become the property of the railroad 


company for file. The contractor may retain such prints or copies of 


of rolled steel and w iron. 
_ type of truss shall be used in which the strains may be readily calcu- ete ~ 
lated and which subjects no member to alternate strains. Continuous 
7 - girders w will be » allowe ed only in case of upper chords carrying floors, — 
and in special cases of draw bridges. 
Ss * _ Double-track, through-truss bridges, shall have only two trusses, — 
and four-track bridges only three trusses, unless otherwise specified. _ 
4 hh the case of plate girders, provisions shall be made for or spread-— 


wom 
3 
— 
— _ Each bidder shall submit with his proposal complete strain sheets, —s 
showing loads assumed in calculations and the resulting strains, and 
4 - the sections used. The strains from each kind of load shall be shown 
A a separately, and the dead load assumed shall not be less than that of 
finished structure. At the same time, each bidder shall submit general 
— 
— 
— . 
— 


‘The from center to center of double track in 19 fe 
All on tangents, shall clear a8 
All bridges shall provided with 1 steel cross 
and stringers, except in the case of deck 
bridges, in which the ties may rest on the top _ ‘Gale 
= and be increased in depth to carry a single oa a =a 
ae Stringers and deck- -plate girders shall not be { 
spaced further apart, between centers, than their 
depth, with a minimum limit of 5 ft. | “INGRAM 
-- The wooden floor of ties and guard rails willbe == Fic. 1. 
« and put on by the ‘railroad company, unless otherwise 


pine, 8 ins. square ‘ond 9 ft. 6 ins. in 
clear and notched } in. over the stringer. In cases where the stringers 

are spaced more than 7 ft. apart, the depth of the tie shall be increased 
that the strain on the outer fiber does: not exceed 1 000 Ibs. per bee 


square inch, considering the weight of a single driver as being 


_ Guard rails of long-leafed yellow pine, 6 x 8 ins. shall, be be placed 
3 ft. 9 ins. in the clear, from the center of the track. - They shall be : 
Hj notched } in. over the cross- -ties and spliced with a horizontal | half and — 
‘half joint, 6 ins. long, over a tie. _ They shall be bolted to the cross- -tie 
at the splice, to the cross-tie next adjacent to the splice, and to ev i 
pi fourth tie between, by }-in. bolts. — To all other ties they shall be 
fastened by }-in. square spikes. Inside rail-guards shall be placed 
at a distance of | 7 ins. in the clear inside. the track rail, and shall 


ove the a spproach to less than 50 ft. from 


The structure shall be designed to from the ive 


as sf 


The dead load shall consist of the entire weight of the structure, 


7) Ane 


‘Properly distributed at the various panel 


Pm: 


— 
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— 
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mated at 175 Ibs. per lineal foot of track; ties of standard dimensions 
225 Ibs. per lineal foot of track, and special ties at 4} lbs. per | 


The live load shall be the load, with impact. The ‘moving 
load shall consist of two consolidated followed by 


000 LBS. 
24 000 LBS 
-—20 000 LBS. 


The impact will be the i increase eof in any due “2 
a the sudden application of the moving load, and shall be provided for — 
according to the following ta table, by interpolation : 


in feet through m 


pass to produce the given n strain. pir 
‘pa Pp g 


_ trusses shall be proportioned to resist the centrifugal force due oe as 
* many trains as there are tracks, moving in the same Gizection, at the 


Provision shall be made for the sudden starting or stopping 
trains, ‘estimating the coefficient of sliding friction at 15 ] per cent. 

_ Provision shall be made for wind pressure, acting in either a =e 
tion horizontally : 1st, of 30 Ibs. per square foot of the surface of all s 
trusses and the floor, as seen in elevation, considering the ties solid Oe 

ss @vea ; in addition to a train 10 ft. high, beginning 2 ft. 6 ins. above = 4 
base of rail, and moving the bridge ; 2d, of 50 Ibs squar 
of exposed surface as specified above, without the train. 

_ wind forces shall be be properly distributed between the upper and 
In the case of plate girders, only one girder need be considered. © aa x 
Provision be made a of of 150° 


strains from the dead the load shall be calculated 

separately. - The live strain will be the ) total variation | in ‘strain pro- ee 

duced by the live load. The dead strain will be the minimum strain 75 


a The allowable live strain per ee inch shall not exceed one-half — 


> 


a 
iG 
s, each placed in such posi- 
4 ig 
te 
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SEA 
‘The: dead strain p per square inch for ro rolled steel shall not 
For columns subject to direct compression only, the allowable a 
_ working strain of 18 000 Ibs. per square inch shall be reduced, in pro- - 
portion to the ratio of f length t least: radius of gyration, by the fol- 
‘Where p= allow: able dead strain per square inch, in pounds, “tb 
: = least t radius of of gyration of cross section, in in inches. _ *. 
ss For columns subject to unde strains of ‘tension and compres- 
- sion, the compressive strain shall be increased, to provide for the ‘ ‘ 
increase of strain due to flexure, in proportion to the ratio of — - 
— to one least radius of gyration, by the formula: Rive wie. 


— increased strain due to length of 
land r = length and least radius of gyration of cross- 
The total compressive strain thus found shall be added to the teu- © e: 
 sile strain, and the resulting strains per square inch shall not exceed 
phy In case of compression flanges of beams and girders, the allowable 
‘enbing strains per square inch of such flanges fo for dead strain shall 
com uted by the formula: 
lowable | compressive strain per square 
= unsupported length: of compressed flange, in inches, 


v= width of flange, i in inches. ches. D 
The shearing on pins, rivets, bolts shall not exceed for 


ne! strain, 13 500 lbs. per square inch of cross-section. Where tension 3 
im on rivets is unavoidable, it shall not exceed one-half the limit allowed ; 
7 for direct shear. _ When a force is oblique, the components of direct — "> 
tension and of direct shear shall be considered separately andthe re- 


a, The bearing p pressure on pins, r rivets, and bolts shall not exceed for 
strain 27 000 Ibs. per equare inch (diameter x 
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SEAMAN oN BRIDGE SPECIFICATIONS. 
4 
ol Inc cases of field rivets, driven by hand, an excess of 25% shall be 


Wind pressure, centrifugal force, and sliding friction, either 
rately or combined, shall not produce greater strain pe per square inch 
than that allowed fordead strain, 
_ ‘The pressure, in pounds per lineal inch of roller, shall notexceed = 
d for total load, (d= diameter,ininches) = 


on masonry shall be 80 that the 


The assumed | spans for calculation shall be as follows : 
For pin- -connected trusses—distance between centers of end pins. <a 


“track i of cross-girders. 
The assumed depth for calculation shall be : ~ 
For pin-connected trusses—distance between centers of chord ys, ae 


force m may be to the lower 
which case the truss shall be duly strengthened. The end portal 
bracing in through bridges must be of sufficient cena to transfer 3 

the accumulated wind strains from the upper lateral system to the © Se 
end Posts, and the end oumng-aenaing in deck bridges shall carry the ae 


main panel of deck bridges provided with inter- 


mediate sway-bracing rods, of a sufficient section to carry one-half the “a 
maximum increment due to wind on and to force. 


a a vertical position ier the specified wind pressure, or, when i 2 
z. a height of top chord exceeds 25 ft. above base of of rail, an an overhead | sys 
tem of sway bracing shall be used. 
2 ‘Tension at the windward column of trestle piers shall be avoided 
if and in any case approved anchor bolts well secured to 
_ masonry shall be used. 


— 
7 

— | 
> 

4 4 F half of the truss, shall be considered as acting on the lateral a ae 4 I = 
the loaded chord, and that due to one-half the truss only, onthe _ 

a 
— a 
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T 

A The struts shall. be proportioned to withstand their component of 

¢ sm No reduction shall be made from chord section on account of 


member will be along its exis, and connections shall be 
a as to avoid bending, twisting or unequal tearing of the 
or its details. The line of strain shall pass centrally 
_ any cluster - of rivets | which resist it, and where angles or or plates | are 
eomaen than so connected, proper provision shall be made for the * 
4 moments and secondary strains produced. Details will be so designed © 
.: “i to give free access for inspection and painting, and water pockets 
‘shall be avoided. In every case the connection of details shall ‘be of 
“greater strength than the member itself. 
Bc: All members which are subject to direct strains, in addition to 
¥ i ee moments, shall be so proportioned that the algebraic sum 
* of the strains coming upon them shall no not exceed the ‘specified — 7 
able s strains, properly reduced in case of columns. continuous 
chords of deck bridges, carrying the floor, the strains due to 
the live load shall be computed from a bending moment equal os a of 


panel length considered as a simple beam. he 
_ The strain on the outer fiber of solid ‘ah: shall be oe 


from the moment of inertia of the section. 


_ No allowance shall be made for the web in calculating the flange ox a 


_ Inevery case at least one upper flange plate on plate girders s shall e? - 


- to make up the flange section shall be made of such lengths : asto 
allow at least two rows of rivets of the regular pitch being placed at 
each end of the plate beyond the theoretical point required, and there "i 
shall be a sufficient number of rivets at the ends of the plates to trans- 

_ mit their value before the theoretical point of the next outside plate - 
isreached. Where the flange plates vary in thickness, they shall de- — 
- erease outward from the flange angles. Girders formed of web plates ae 
aa angles alone, having no upper flange plate proper, will not be | 
allow ed . The total thickness of plates and angles shall not ‘exceed five 
SS times the diameter of the rivet used. _ Flanges of plate girders over 12 — 


ins. in width at least six rows of rivets. 
_ All flange plates, , subject to either tension or compression, sliced 
‘in the length of the girder, shall be covered with an extra amount of ‘ 
- material equal in section to the material spliced, with sufficient rivets — 
oneither side to transmit the strains the parts 


ins. in width shall have at least four rows of rivets, and ae eee none over 16 ae Ph) 
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— _— calculating the shearing or bearing strain in web rivets of a 
_ plate girders, the whole of the shear acting on the side of the panel 

next to the abutment shall be considered as being transferred into 

the flange angles at a distance equal to the depth of the girders. a ae 

_ The webs of plate girders shall be spliced,  wherev er cut, by a plate 

on each side of the web capable of transmitting the full shearing 


- When the thickness of the web plates i is less than ve of the unsup- — 

4 riveted on both sides the web, “with a close “bearing against 

the upper and lower flanges and calculated as columns by the sae 
compression flange formula for the whole shear at the several 
_ points where they are placed. These stiffeners shall be placed at ioe 
_ distances, center to center, generally not exceeding the depth of the E 

full web plate, with a minimum limit of 4 ft. Web plates generally ia 5 

‘J shall have | stiffeners at bearing points and at points of concentrated | a ae 

ks: Net sections shall be used in all cases in calculating tension mem 

a bers, and in deducting rivet holes they shall be taken as % in. wider | ~ 
_ than nominal diameter of rivet. In calculating the net sections, = 
of having rivets staggered, all rows shall be deducted, unless so ar- Bb ; 


ranged that the net section along a zigzag line, taking all distances in — im 


4, 


the diagonal direction at only three-fourths their value, exceeds 
corresponding net section directly across the plate. 
= - Rivets shall not be spaced closer than three diameters, center to ao 
nor further apart, in the direction of the strain, than twelve 
— times the thickness of the thinnest external plate connected, and not ve 
‘more than thirty times that thickness at right angles to of 
Rivets : shall not be spa spaced closer to the side of 
- diameters to the center of the rivet, nor further from the side than = ; 
eight times the thickness of plate. In no case shall the pitch of ae 


Field riv vets shall be re reduced to a minimum. 


- Built chords shall be thoroughly spliced with rivets and additional 
section sufficient to transmit the entire strain; ; no allowance shall be 
for abutting surfaces, except in heavy work. 

<9 When necessary to obtain sufficient bearing g surface at pin-holes, re- 4 
 cmaieas plates shall be added. These plates shall have a sufficient a 4 
number of rivets to properly distribute the bearing strains from the ; 

to the member to which they are connected. 
segments ad members it in connected by a 
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= rivets and net section of which shall be sufficient to transfer the 
a total maximum strain borne by the segment, and the thickness of a 


SEAMAN ON BRIDGE SPECIFICATIONS. _ 
which shall not be less than 75 ;of the the distance between ri rivets con- 

them to the member. In no case, however, 
shall the length of the batten plate be less than the width of the = a 

- The distance between connections of strapping shall be such that 

the individual ‘members composing t the column, considered with | 
_ hinged ends and a length equal to the distance between these “4 
connections, shall be stronger than the column as a whole, and ; 
sim no case shall this distance exceed eight times the least width — 
of these members. Ww here the ends of the compression member are ; 
forked to connect the pins, the strength of each leg shall be : at least — 
. equal to the « entire strength of the column, and the re. enforcing 7 
- plates shall extend not less than 6 ins. beyond the edge of the batten 


Single lattice straps shall have a of not less than 75, 

8 double lattice straps not less that 34s, of the ‘distance between the © 

i rivets « connecting them to the member, and their widths 


hall be : 

ee 15-in. channels or 3}- in. and 4- in. angles (j-in. rivets). 23 ins. 


in. angles (Z-in. 2hi ins. 


_ Single lattice bars shall generally be inclined at an angle of 60° t 
_ the axis of the ‘member, and double lattice bars at an angle of 45°, 


(§-in. and #-in. rivets). 2 ins. 
-in. in. and j-in. rivets). 2 ins. 


65 


65 ft. long shall be provided at one end with 
oe: turned friction rollers, not less than 23 i ins. in diameter, between two. : 
planed surfaces. For spans of 65 ft. or less, planed. surfaces shall 
e. s used without rollers. The nest of rollers shall be properly protected _ 
from the accumulation of dustand cinders, 
a Trusses shall be secured against side motion on bearing plates — 
and rollers. _ The bolster blocks shall be joined to the truss, and the — 


7 bearing plates shall be secured to the underlying supports by bolts | or 


All bridges over 


dowel, 
 iBye- bars shall be so packed as to pr sien the least bending moment — 


a on the pin, and shall not be packed out of line with the axis of the | 


No i iron less ‘thick s shall be used, except for packing 
other idle material. No counter rod shall have less than 13 sq. ins. of P 

sectional area, 


‘The camber shall be such that under maximum load the mites Wek 
will not a horizontal position. 
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Quality or 


v - Rolled Steel. —Rolled steel shall be made by the open-hearth P 


cess, and shall contain not more than . 04% phosphorus, 04% sulphu 

eer nor .45% manganese. The steel shall be finished straight and smooth, — x 
and shall be a perfect product; the slightest flaw will be ama 
_ cause for rejection at any time during the progress of the w ork. ae me 


_ The > tensile strength, yield | point, and aasagimgn sh of ‘the material shall 


_ bar, and with sides turned or planed parallel, so as to ore a uniform 
minimum section for a length of at least 12 ins. 
7 - Whenever practicable, the two sides of the test piece shall be left. 
as they come from the rolls, but the finish on opposite sides shall be ee 
the ductility, the elongation shall be measured 
after breaking, on an original length of 8 ins., in which length shall 
occur the urv e of reduce en side of the point of fracture. 
The 3 yield point shall be that strain beyond which the elongation - 
a _ ceases to be proportional to the weight imposed, and may be indicated | 
_ by “drop of beam.” It shall in no case be less than 55% of the a 
maximum strain sustained by the test piece. The speed of testing 
‘Shall be gov verned by ‘the i inspec tor. 
* to = — All rolled steel, except rivet steel, shall show by the. standard test 


& width, nor less than } sq. in. in dial area, cut from a full- cinsll 


eut from each variation in thickness of metal rolled. 
When both tests comply with the specifications, all 


thicknesses will be accepted; otherwise only such thicknesses of metal — Sie 


be accepted as show satisfactory tests. 

_ Each finished piece of steel shall be marked with the melt number. 

_ ‘rought Iron.—All wrought iron shall be tough, ductile, fibrous 
and uniform in quality. a It shall be thoroughly welded in rolling, and © 


finished straight and smooth . Its shall be “free from flaw 8, blisters, 
 einder-spots, cracks, and imperfect edges. Scrap steel shall not be ei: a 


wesedinitsmanufacture — 
methods specified for testing rolled steel shall | apply generally 
Alliron shall bythe standard test strength 
of not less than 50 0v0 Ibs. per square inch and an elongation of 20 ak = 
“a The yield point, as shown by the standard test piece, shall in no © : 
be less 26 000 Ibs. per square inch. 


— 
| 
4 
q 
_-with an elongation of 26% in 8 ins. Rivet steel, when tested in speci- 4 
ae > — a mens of full size of rivet rod, shall show an ultimate strain persquare of 
an clopgation of 30% in Sins 
— 23 
lz: = 
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“SEAMAN ON BRIDGE SPECIFICATIONS. 63. 
All iron when cut into testing strips 1} ins. i in width and with — 34 
corners rounded to } in. radius, must be capable o of resisting, without 
signs of fracture, bending cold 90°, , with the i inner ‘radius not to exceed a a 
three times the thickness of the test piece. = : 
_ All iron which is to be bent in manufacture shall, in addition to 
“the above be of angle 
rs Cast | Tron. —All cast iron re be tough and sound, free from blow- 
holes, cold- shuts or other injurious imperfections. When broken the Ae _ 
fracture shall indicate a good quality of gray 
‘Sample test ‘Specimens, 27 ins. . long, Qins. x 1 in. in -section, 
east under the same circumstances as those which attend the c casting g of dl 


= the full-sized piece, shall sustain at the center, when resting flatwise y : wi 


Upon two dull knife edges, spaced 24 ins. apart, a load of 2 000 Ibs.; 7 “gira * 


the load to be sustained two o minutes, and show a ween of not le $8 a 


All workmanship shall be first class. All parts exposed to view 
shall be neatly finished. All nuts shall be hexagonal. 
In the diameter of the punch shall not more 

in +s in. the diameter of the rivet to be used, and the diameter of - 
die shall bes as small as may be required to punch a clean hole. 


sembling, no fro1 om a opposite position of more than 4 ve 
in. will occur. All holes shall be reamed to an exact match before me 

me Riv ets, when driven, shall completely fill the holes, and shall be 
machine driven whenever possib _ They have full, concentric, 


shall be fli uttened to less 1 then half the diameter of the 
a Generally the use of bolts instead of rivets will not be permitted, 
pe but when used in special cases the holes shall be reamed parallel anc -* 


the bolts turned toa driving fit, 
ae WwW here the work is to be field riveted, the parts ‘shall be assembled 2 Jae 
before leavit ing the. shops, | ‘and the holes; reamed to. match. ih the case 
ae of splices of upper chords, or other compression members, they shall. ae 
be brought to forcible contact by the use of turnbuckles, and 2 


reaming shall have match marks -_ on the pieces « so that: they may 


ate 

hi 4 

— 

> the diameter of rivet, and with full bearing on 4 
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Finished members shall be true and free from kinks, twists and 


“a members requiring adjustment shall be provided with oleniia 
and check nuts. Open turnbuckles will not be allowed. The 
ends connected shall be distinctly punch-n marked, at a ‘distance: of =f 


ins. from the screw ends, so that these ends may be accurately located a 


Heads of eye-bars shall be of sufficient section to break the bar in 
every case. . Bars shall be full the neck; “no patching will. be 

Ww elds in the body of the bars or r rods ) will not be allowed. cee 


All members having on pins shall be carefully 
7 oi right angles to the axis, unless otherwise shown in the drawings. 4 ae 
variation be allowed between diameter of pin and pin hole of 
more than jin. For pin holes, in pieces which are not adjustable 
“4 for lengthe, no variation of more than #; in. in length between centers 
of pin holes will be allowed. 
_ _Eye-bars shall be perfectly straight before boring ; the holes shall | 
_ be in the center of the heads and on the center line of the bar. Recs 
_ which belong to the same member shall be bored at the same temper- 
" ature and in one operation. 7 They shall be n marked for erection, so _ 
bolts are used instead of pins, a variation of in. will 
allowed between diameter of bolt and hole. 
All abutting surfaces, except flanges of plate girders, ‘shall be 
neatly planed or turned direction of the strain, 
* Stiffeners of plate girders shall millea to fit tightly against the 
flange angles, and shall be packed straight. | The packing shall ft 
close to the flange angles, leaving noopen space. 
Rollers shall be turned and roller beds and bed plates planed; _ ie 
- the bottom of shoes shall be planed exactly parallel to the center line © is 
of pin, unless otherwise shown in the drawi ings. 
Thickening be used whenever required to pack on 
Pilot nuts shall be furnished for each ‘size » of pin to preserve the 
‘a thread of the pin, and to facilitate erection. a = Ae 4 


All iron iron shall be scraped free | from ecale, and receive ‘one e coat 
_ pure kettle-boiled linseed oil before leaving the shops, and one coat 
of approv after erection. All surfaces which come in contact, 


Rods and bars which are to receive athread shall be properly upset 
— 
— 
— 
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_ Free access and infor mation shall beg given by the contractor for sat 
‘thorough inspection of material and workmanship. 
_ The inspector wil! make detailed reports of his inspection to the - ; 
and may notify the contractor of any defects in material, 


test pieces as may be to ‘determine ‘the ‘uniform quality, of 


the material, and also the use of a reliable testing machine with shee ae 


tet shall be at the expense of the contractor. Such rejections a 


the finished material as he may Ae sue warranted by the results mos 


al 


iim 

nd his inspection shall in no way 
ibility for the iner, 
tractor of full final acceptance by the engineer. 
— 
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_ DISCUSSION ON BRIDGE SPECIFICATIONS. 


Dating the years 1859 


pee 1870 Herr Ww éhler, a engineer on railroads, made for 
_ the Prussian Government a series of minute and careful experiments — (ads 
on the effect of often- stenizing of iron and steel, by which 


what is is characteristically wilted the of Wohler’s con- 


clusions were confirmed by Professor Spangenberg, who continued the 
_.investigation after 1870. The facts ascertained were promptly made 
ae use of by Gerber, Launhardt, who established formulas since known 


by! his name, and others. 


— basis of on dae and leaves little ground for ‘objection to the 


theory of the fatigue of metals. As to the basis of proportioning, 
_ there is still difference among engineers. 


Inthe opinion of the writer, 
fixing the live- -load allowable unit stress ‘ ; only ha half that of the i 

giv es a result which is too low. Bauschinger demonstrated, as 
geferred to by the author, that, within limits, material does 


from strain, and it must be assumed that this recovery is more or ne 4 


it be noted that it over a a year to 40000000 
aie repetitions. Such conditions obtain in machines, but not in structures. — we 
It should be said here that of Wohler’s experiments a few isolated _ 
ies ones were on the effect of variation of time intervals between applica ae: 


NuMBER OF APPLICATIONS TO BREAK SPECIMEN. 


= 


j 
18 per minute. | 


25.680 


610.000 


— 


the interv als the spplications are so frequent as to 
exclude a 
ber of do not "proportionally, and at’ best these few 
experiments are not conclusive. Wohler himself modified his co- 
as efficients for cases of maximum loading applied only at long intervals. — 
- Launhardt’ 8 formula | gives smaller ‘sections than does the author’ a 


though in not differing much. 
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fess according to the time allowed for it. Wonhler nade applications 
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ad 


the axle as carried by three ties. For a stiff floor, reasonably contin- 


apart i intheclear. The guard-rails should have an even surface, 


as no doubt it is meant to, to turn -table draw- 

bridges of shorter span. Instead of the latter, single or double-leaf 
pascule br idges, as now developed, are in most cases preferable. 
The author fixes the distance mers center to center of track on 

pes track bridges a at 12 ft. 6 ins. % It should be be whatever it is on 

the road. 7. Ten years ago 12 ft. between centers on double track was 


common, now it has been increased to 13 ft. on a number of roads. — a 


ticable t to ) avoid it. Neither should there be of An 


Boat Spikes 1 12" long 
- driven into holes 


Rail 6° x 8") 


= AZ 
Sq. Headed Nut. 


injury or wrecking of structures. - There is naturally a down grade > - 
toward watercourses, and the resulting changes of grade should be are 

and located as far away from | the brid e as racticable. 
ge 


x -in. ties the extreme fiber stress” per square inch with 7-ft. 
stringer spacing will exceed 1 000 lbs. by more than 400 lbs. With an ‘aa 


80-lb. or even a 75-Ib. rail, it is usual, and is allowable, to consider : ic 


; uous in case se of "derailment, , the ties s should be spaced not more than L 7 


and not be obstructed by washers or bolt heads. The desirability of ; a 


this is obvious in considering derailment, or in the case of Poyieg. pr 


There should be no change in alignment on or near a bridge if prac- on é 5 


— , im 
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DISCUSSION oN ‘BRIDGE SPECIFICATIONS. 

rr. eed Sasi on the guard-rail which would be caught and thrown about == =. 

. a _ by projections thereon. Over the floor beams (a space of 12 ins. = 


more), some support to the rail is desirable to avoid undue stress in 


_ the adjacent ties. This can readily be given by a filling block nailed — 2 | 


im A bridge floor as specified by the writer is shown in Fig. 3. — 
The live load given by the author is a typical one as used in | 
designing. The percentages for impact give in increase ‘for 
floor proportioning. Another method used? i is to assume a uniformly = 
heavy load over the entire bridge, with one local concentration only. — sh 
= heavy cars are to some extent coming into use, as referred to an 
the author, but in any event ‘it must be assumed that engine loads 4 
will continue to be heavi ier than train loads, : so that for a length » vi 
100 ft. at the head of the train the load will be heavier than for the — 
‘rest of the train. Proportioning on the basis specified by the author 
istherefore more rational = 
On the subject « of impact there i is considerable agitation at present, — 
and it is to be hoped that we m may have more definite results. _ 
- author well says that there is as yet little or nothing on which to base 
definite specifications. Itis, however, difficult to see why, if for 40-ft. 
‘spans impact i is taken at it should be onty 80- -ft. spans. 


= for floor and for main goles in the. of 10% 


for 40-ft. spans to5% for 100-ft. spams. 


— riveting there are a number of things that affect the value a’ ‘ 


the rivet, such as slight mismatching or misfit of holes, short or ov ae 
Tength of riv et, , under-heating, ‘eccentric or otherwi ise careless s driving, 
_ ete.;on the other hand, their value is largely added to by friction Z 
_ between the surfaces they hold together. In many cases the number | 
of rivets is determined by their permissible minimum spacing. For : : 
: field rivets, which are usually hand- driven, and the bulk of which are — 
for floor connections, with large of | live-l load stress, ie 


: proportional allowance on the side of safety is made. 


the author’s method of proportioning for rivets and details through- aS 


out in the sam way wad main members 
one. 

Unit dead-load are g for shear and bearing on pins, 
- sivets and bolts which are correspondingly somewhat higher than 
those allowed by most engineers. But there is no special value given 
for bending stress in pins. 7 If the general dead-load unit stress is 
taken for this, as as seems the intention, it will be inconsistent with | the 

_ values given for shear and bearing, and furthermore, will give un- 

me The author is to be commended for not specifying any difference ae Ss 
in unit stress between plates and _ shapes and eye-bars. It ha 


if 
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sroperly connected, are are as Mr. 
power for net section as are 2 eye- -bars, if not a trifle better on account — eee eer 


‘The pressure on rollers in pounds lineal is specified as 


not to exceed 5007 d. | With the minimum dimension of rollers “3 speci- 
fied, this does not apply for short single-track spans; for longer spans © 


a small value. ‘It hes been found by experiment} that 1 d 
Ibs. is entirely safe, and this has appeared in bridge 
common specification for this valueis300d. 0 
Provision for expansion ends does not generally proper 

_ attention. # Frequent observation of dislocation of expansion rollers, 

in long : and short spans. indifferently, by the accumulation o of dust or 
sand blown in between the rollers, has led the writer to adopt sliding “7 

expansion ends for spans up to 90 ft., and, for roller ends, ribbed a 
bed- plates, made of small IT-beams or of matehed rails of a well- _ 


known ‘pattern, Bering, under the ‘Toller surface, 


sliding or rolling, central guide ridges fitting i into grooves on 


= 
In conclusion, the writer does not diiiiiieiiien why there should — mar 


not be be agreement and greater conciseness among engineers in the use 


two certain words. To convey the same meaning, Stoney, an old 


and still valuable authority on many things, used the word ‘“ ‘otrain”; 
Rankine, later, used stress”; Du Bois, of American writers, 
uses or has used both ‘“‘strain” and “stress ” ; Burr uses “‘atrese, 
Johnson stress,” ‘and so on. Most writers, of text 
* - books, at least, if not of specifications, now agree in the use of 
“stress.” Among engineers, generally, there is not such uniformity, 
and in engineering periodicals the confusion is apparent. 
the past two weeks ¢ one of the lather, in notable for good 


for expression of dential meaning. Rankine, 


for alterations, of what: soever, in volume anil figure 
~ solid body, produced by forces applied to it. t Under this definition, — a 
then, there is no such thing as strain per square inch as little as there 4 
_ is stress in length or width, or in the internal alterations of arrange- 
ment of the molecules of the body. are many uses of of ‘‘strain” 
to which, even in popular language, ‘stress ” ” does not apply at all. 


= 
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_ bending, tension or compression. The autographic record of such — 


Recent Tests of Members,” by J. E. Greiner, Transactions, Am. Soc. C. E., 
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Mr Breithaupt. an apparatus as the old Thurston testing machine, or of the extenso- 
- ss meter—for which strainometer would be a better name, since it 
in measures both extension and compression—is a strain diagram 


7 strain sheet, w while a diagram « of a structure s e showi ing the. forces applied ie 


Mr. Merriman. 1 M. Am. Soe. C. E.—The speaker agrees 
discussions in which it is claimed that. 
the ¢ elastic limit i is a more e suitable point from which to reckon work- 
ing stresses than the ultimate strength. The lowest ultimate strength * 
A allow ed for steel by the author’ 8 specifications i is 52 000 lbs. per aa 


The oe latter figure indicates the ¢ degree of security r afforded by the s speci- 
fied working stresses in a very much better manner than the former. | _ a 
_Wohler’s experiments determined smaller ultimate strengths under 
— a large number of repeated loads, and Launhardt’s for mula is merely f 3 
a convenient method of expressing these values after ‘divi ‘ision bya a 
factor of ‘safety. ithout a knowledge of the elastic limit, howev 
it is difficult to arrive at a sure decision whether Launhardt’s wet iz 
are or are not too high. Whether the stresses be steady or repeated, a, 
the elastic limit is to be regarded asa constant stata provided 9 
thet none of the stresses surpasses that limit. 


of W Téhler, should be undertaken in accordance with 
laboratory methods. The author, in his discussion of Wohler’s re- 
% sults, appears to have found difficulty in ascertaining the tensile 
strength of the metal under a steady pull. . This w would | not be the — 
case in any future series of hitb ton as specimens from the esame d 
bar would be tested under both steady and repeated loads. The tests — 
{ carried on at the Watertown arsenal since 1888 by Mr. James Howard © -, 
fulfill all requirements as to care and precision, but they cover only 
the case of rotating bars under transverse stress. furnish 
¥F data for comparison with Launhardt’s formula, since the fiber stresses 
alternate equal distances in tension and compression, but with respect — s 
‘aa to the question of fatigue they appear to harmonize with wie Wohler’s © 
In one of these Watertown tests cast iron showed 
power r of resistance to fatigue. — The s specimens were gun iron, having Bee 
an ultimate tensile strength of 31 200 lbs. and an apparent elastic — 
limit of about 13 000 Ibs. per square inch. Under alternating fiber 
en 9 ‘stresses: of 25 000 Ibs. per square inch, applied at the rate 0 of 400 ee: 
titions p per ‘minute, rupture occurred after 4 700 repetitions. . Under 
- 20000 lbs. per square inch rupture occurred after 26 400 repetitions. ag 
x q Under 15 000 Ibs. per square inch rupture occurred after 47 283 500 — 
repetitions. It is difficult to draw general conclusions from a single 
series of like ‘this, but it that this cast 
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DISCUSSION oN BRIDGE SPECIFICATIONS. 


under: stresses very near to its apparent elastic limit, Mr. Merriman. 
_ had a resistance to fatigue almost, if not fully, equal to many of the — si 


ar specimens under similar conditions, 

_ The author’s discussion of the question of fatigue seems unneces- 
AG since the stresses in n the members of a br bridge truss should be kept 
below the elastic limit. and hence fatigue cannot result. In fact, the 
S ultimate strength as determined by a steady pull appears to have a 
a far greater value than the ultimate strength as found from an enormous 
samber of repeated stresses, provided the actual working stresses 
are kept below the ‘elastic limit. In respect to hig h and unusual 
caused by ‘unbalanced locomotive drivers movi ing at 


fatigue; but these stresses not be taken 
account in general rules applying to the normal and and usual stresses. ae 
The speaker does not wish to be ‘understood as objecting to the 
7 author’s rule which makes the effect of a computed live-load stress Pe 
i double that of a dead-load stress. If the live load be applied with © 


perfect suddenness, this rule has g sound theoretical basis, and, al- © 
though the factor 2 is. theoretically too large for railroad ‘trains, a, 
it is a good figure to use in order to provide for contingencies 
and for future increase in live loads. The author's general method 
_ of reducing all stresses to an equivalent ‘dead- load stress, and of using 
the single value, 18 000 lbs. per square inch, as the allowable unit 
stress, seems a good and logical one. - 
percentages allowed for impact, in the case of members whose 
- maximum stress is attained by a movement of less than 80ft.in the __ 
; live load, are unfortunately arbitrary rather than experimental. More- J 
“over, in counters it makes some difference whether these percentages aa 
are added to the > computed stresses or to the live load, the former be- an _ 
- ing implied in the first sentence of the third paragraph on page 156, i 
i the latter in the statement that Jis to be applied to the moving | 7 
regar rded as the true measure of on the: 
‘eave side of the deflected column. The speaker has urged this view _ a 
for many years, having presented it in the first edition of ‘‘ Mechanics _ fe - 
; of Materials ” in 1885. The value of g properly depends upon theend © a 
of the column; as the author’ s specifications make no 


y when it is is ‘considered that is large in chords 
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Mr. Merriman. posts. In steel column with fixed ends regards 


oy a8 a good value for while in a column 1 with one end fixed and 
It is unfortunate, perhaps, that in discussing a paper of thiskind 
the tomptation to oriticiom is stronger than the inclination to approve _ 
_ and commend. Hence, the | speaker de desires to say that he considers — 
i the specifications of the author clear, concise, , carefully considered ond ; 


well adapted to re: bridge structures of good workmanship and 
A of this interesting paper, seleting to the Launhardt formula, the 
i speaker was reminded of a sentence in a letter by the late Professor ; 
‘Winkler, of Berlin. t 19th, 1888, than 
4 ago, and in it he — 


a is “We have at present our trouble to abolish the errors which were 2 


caused by the abuse of Wohler’s experiments in determining permissi- — 
ble working strains, since Bauschinger has proved that ba pe 


3 strains have a detrimental influence only above the e elastic limit an and 
strains up to neartheelasticlimit.” 


It seems, however, that, in spite of Professor Winkler’s efforts, these 
‘errors have not yet been eradicated. The experiments selected by a 
the au author do not appear to prove either the fatigue of metal inside Oe 


elastic limit, or his theory live-load strain produces twice 


the effect ofadead-load strain. <4 
od Wohler’s duration experiments were made for the purpose of deter- 
Me 
mining the ultimate. strength of the material, under repeated | Strains 
“many elaborate theories were adv anced by theorists and conveyed into” pg” 
more or less complex mathematical formulas, to be used for determin- ie 
ing permissible working strains, the theorists entirely losing sight eS J 
the fact that their theories were based on results above the elastic 
limit to be used for conditions within the elastic limit, as they pars ’ 
The well- established of the elastic | line is based on strains 
below the elastic limit, , the limit within which the. elongation is 
proportional to As a single strain above the 


limit produces a permanent set and destroys the property of uniform 
is - elongation in the metal, the effect of a single permanent strain is not q 
= from effec ts of repeated ‘strains, a8 the 


therefore, is actually the ultimate strength, for all purposes. 

Tests of material for rupture should ‘be used only for the purpose as ; 

establishing its quality, and not for "deducing laws or formulas 
working strains for either tension or compression members. 
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ee _ which resisted an infinite number of repeated alternate applications 
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ron by which prove his ‘The first one appears to prove 


produce twice the effect of repeated strains in one direction. 
ss '- Phe second experiment proves that repeated strains of one a 
= the elastic limit, have no ‘more detrimental effect upon the _ 
"The third experiment, on which the author relies particularly to 
that a live-load produces twice the effect of a dead-load strain, 
_ appears to be of no value for the purpose of deducing a law, as nos 
- maximum strain to which the metal was subjected was 47 080 lbs. per — 
(very nearly the ultimate strength). a This would practic- 7 
oy the ‘material on on the first application, and the on por all 


was continued on material which had already lost its property of uni- 


‘definition, hey es are e not. 


Bauschinger’s very carefully and reliable experiments, 
with metal to repeated and strains, appear 


tion is far leas than was generally oeaieal on the strength of the few 

experiments made by Wohler, 
‘In Table No. 1 the results of some of Bauschinger’s experiments on — 

resistance of various of metals to repeated and 


: strains which aeciaate rupture in one application, the strains which © 
2 Le resisted an infinite number of repeated applications and the strains a 


bk: at of the same intensity | in both directions. The values ) given are in 


“pounds per square inch, and are approximate Bed) Sy, 


Ultimate | 2 Alternate 
| 


49 500 28 450. 
000 34 100 
57 
7180 
050 
480 
. Boiler plate, ingot iron 57 600 
not specified 650 290 
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Mr. Schneider. 
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DISCUSSION ON BRIDGE SPECIFICATIONS. 
~ Mienit below that established by strains in one direction, and, if te 
4 working : strains were kept within that lower elastic limit, it would nob 
. be necessary to consider the strains in the opposite direction, and, | 
therefore, the absolute maximum strain could be used in determining 
All the results of experiments appear to prove conclusively that a 
_ within the elastic limit all strains have the same effect; the internal — 3 
porns of a member being proportional to its elongation or reduction. , ee 


ot is therefore evident, as far as the resistance of the material i is com 
cerned within the elastic limit, that makes: no difference whether 
this strain i is produced by the weight of the structure, the static effect see 
of a superimposed load, or the dynamic effect of a moving load. 
_ A structure is safe if it is able to resist the exterior forces acting marge 
it for an infinite period. To accomplish this all members of the struct- — 
‘ ure should be so proportioned that the material composing them will be 
able to resist permanently the strains produced by the exterior forces. 
_ Now the question arises : What are the exterior forces s acting upon 
bridge? Theyare: 
The weight of the structure. 
* 2. The static effect of the load. 


shown that strains j in the members a bridge 
produced by a fast-moving train are greater. than those produced ae 
the static load of the same train, it is necessary to recognize the fact: me 
that the strains are increased by the dynamic effect or impact of wei 
moving engine and train. This fact has also ‘recognized by engi- 
Some of the older specifications sequined that a percentage for im- 
_— be added to the live-load strains for stringers, floor beams ond 
speaker believes that Joseph M. Wilson, M. Am. Soc. 
_C. E., was as 8 the first one in the United States who considered he impact a 
for spans, in his specifications, published in 1885. * These made it 
4 _ dependent upon the proportion of live to dead load, for which purpose — 


: oo 4 a formula is given, which, though similar to the Launhardt formula i in 


form, is, however, different in the results. 
Many other engineers have followe ed Mr. Wilson’s example, 
™ Theodore Cooper, M. Am. Soe. C. E., in his specifications for rail 
% road bridges allows for live load only half the permissible w orking _ 
strain he does for dead load, which is practically the same as using a 
working strain for all adding 100% 
live-load strains, irrespec tive length of the s span. 
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DISCUSSION ON BRIDGE SPECIFICA | 
we ‘The speaker in his practice uses a uniform working strain, and in- ‘Mr 

“creas the live-load strains by adding a percentage for impact to the 
ins produced by the static effect of the live load, making the effect - y 
of impact dependent on the length of thespan. 


_ The author also considers the dynamic effect of the moving load, 7 
and makes provision for impact in spans up to 80 ft. 
If impact is considered an established fact, as the author. evidently 
‘ does, then it must be admitted that it exists in all spans. ek 
} Be: As the experiments made, up to the present time, do not give suffi- _ 
cient data for computing the dynamic effects | of the live load With — 
it ‘is necessary to some practical judgment in this 
_ respect and to allow ‘ample m margin so as as to be certainly on the side of 
If reference is made to 8 specifications, and the per-— 
of live load assumed for impact are compared with the 
experiments made by Professor Frinkel, 8. W. Robinson, 1 M. Am. 
f Cc. E.; J. E. Greiner, M. Am. Soc. C. E.; F. -Turneaure, 
Assoc. Am. Soc. C. E., and others, it will be seen that such per- 
centages are far in excess of the values found by the experiments. wk 
The speaker has already given his views on this “subject in 
- discussion of Mr. Greiner’s paper - entitled, 4“ What Is the Life of an 7 
Tron Railroad Bridge ? ”* and his reasons for adopting the impact 
most specifications i in use at the present time make provisions 
; - for increased strains due to the dy namic effect. of of the 1 live load i in some S 2 ; 


wr 


way or other, either by disguising it in the shape of a formula, or by 
: allowing different working strains for dead and live load, the speaker — 
believes it would be more rational and logical to consider the 
‘e effect of the live load separately, and, if in the future more reliable data — n= “3a 
for computing the impact should be obtained the numerical values of 


_ the coefficients could be changed, which would, however, in no way ie 


affect the principle ofthe system. © 
The agrees the > author, that a uniform 


ing strains in proportion; or, in other coe one square inch a 
D getion should represent a certain number of pounds of strain. This 
seems to be the most rational method which will insure the proper — . 

"proportions of ‘details: and connections in relation to the main 
members of a structure. The speaker has used this method in : 


_ Practice for bases last twelve years and has found it to work very satis- 


The’ specifies aw working strain of 18 000° Tbs. per 
inch; the speaker uses in his practice a working strain of half the 


* Transactions, Am. Soc. C. Vol. Xxxiv, B28, 
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Sc elastic limit, or a of safety of two. 5 This we give, 
steel specified by the author, with an average elastic limit of about 
30 000 lbs. per square om a a working s strain of 15 000 1 Ibs. | per square 
‘The method in the author’s specifications for proportion-_ 
ing the members of railroad bridges, may appear entirely different 
7 from the speaker’s practice, the author multiplying the live load by ; 
two, adding an additional variable percentage of impact for spans up “ee 
to 80 ft,, and using a working strain of 18 000 lbs. per square inch, | ‘Come 
while the speaker adds a variable percentage for impact to the live ies = 
load for all spans, using a working strain of 15 000 lbs. per square ne : 
inch. However, if the results are compared, only small differences 
will be found i in the main members of the bridges. The greatest 


ferences occur in the lateral systems. The assumed wind strains 

_ being the same in both specifications, the difference consists in — 
specified working strains. The author allows 18 000 lbs. per square 
4 inch, while the speaker iene only 15 000 lbs. per square inch, mak- — 


ing his lateral bracing 2076 than if in 


a due ed “iy the total load, calculated in accordance with both ch apes 


“TABLE 


SrRary PER Seu ARE INCH IN POUNDs. 


_ 
is On page 152 the author makes the followi ing statement, towhich — 
__ **The author is not aware of any specification which has made this _ 
sot distinction between live and dead strains in proportioning details, 
except those which adopt the Launhardt formula throughout.” . — 
_ There were specifications in existence for many years waa 
covered that point. 1887 specifications were published by the 
Pencoyd Tron W orks which made this distinction between live and 
‘dead- load strains in ‘proportioning details without the use > of the 
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Referring to the proper, the believes that if Mr. Schneider. 
bridge work were done in accordance with these specifications first- class 
material would be ob obtained, but only average designs and d workman- 
Ae i. While the speaker agrees with the author in a general way, +r 
ee and is pleased to notice that the specifications are short and precise - © 
a without any useless requirements which would only increase the cost 
of the work without improving its quality, they do not, however, _ 
. come up to the speaker's ideas of the best modern practice as — 
These specifications will not compel manufacturer to make 
first-class designs, unless he is led to do so on his own account, be- 7a 
“cause he takes pride in his work and has ability, experience and = 
sufficient judgment, which the speaker ‘Tegrets- to | be compelled to a 
admit is not the case. The same ‘remark refers also to work- 
‘Under ‘ “General Provisions,” the author says: ‘‘A type of truss» 


a shall be oan in which the strains may be readily calculated, , and 
whic h subjects no member to alternate strains. 8.” 
This clause would prohibit a class of structures which in late 
“years has given much satisfaction to engineers who have had charge : 
of the maintenance of bridges, viz. , the riveted- truss and lattice — + > e 
bridges. _ There are some riveted-lattice bridges in existence which q 
_ were built over twenty- five ye years } ago in which the workmanship | is 
_ very poor, and yet they are doing good service at the present day; 5 6 
_ while pin-connected spans, built at the same time under similar con- oe _ 
om and specifications, have been replaced by new structures years pe: 
ago. it experience counts for anything, the riveted- lattice bridge 
: has certainly held its own; in fact, modern | practice requires riveted 
 enae for spans greater than those for which plate girders are con- - i 
Rarer: practicable, and up to those where pin-connected spans are — 
a advisable, generally between 100 and 130 ft. The speaker, therefore, > te 
of the opinion that the portion of of thie clause re referring to alternate 
a i. _ The author specifies: ‘‘ Stringers and deck- -plate girders shallnot 


be spaced further apart, between centers, than their depth, with a 


minimum limit of 5 ft. ” There appears to be no good ‘reason for 

specifying that limit,  exceptin g that it was : formerly the practice on a] 

Pennsylvania Railroad. It was abandoned yearsago. Fordouble- ad 

a track bridges the usual practice is to space the stringers 64 ft. apart a 

a between centers (the distance between centers of tracks being 13 ft.), _ 

which, i in the speaker’s opinion, should be the minimum “distance 

between centers of stringers or deck- plate girders. 

> = 

Under “Loads” the author specifies that provision be made 
a for the sudden starting or stopping of a train, estimating the co- 

efficient of of sliding friction at 1b per cent. The almost universal 
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ON BRIDGE SPECIFICATIONS. 


in which case the coefficient of friction would be over 30%, the —_ ie 
would recommend adherence t to the usual practice. 
In the formula for compression members the author u uses: a uae opal: 
Pm... of 18 000 in the denominator. The speaker would suggest 10 000 po Sa 
instead, so as not to encourage long, slender compression members, vere 
=q ond for the same reason would recommend the the following ad ataitenst =a 
No compression shall have a length exceeding 100 
a its least radius of gyration, excepting those for wind bracing, which 


may have a length not exceeding 120 times the least radius of ‘gyra- ae 


The speaker would also recommend that the least width of posts in 
pin-con -connected bridges | be limited to 12 ins., in order t to offer some ee 
“a sistance in case of a derailment. The formula for members subject to _ ene 
alternate strains is somewhat confusing, as in this formula p 
~ notes the direct compression it in the member, while in the formula er ae 


same e results Ww ould be sbtalned i by substituting the following dati: 


__ *€ Members subject to alternate strains of tension and compression — 
‘eas ‘shall be so proportioned that the total sectional area is equal to the “on 
sum of the areas required for each strain.” 
author limits the working strain on riv ets in tension to one- 
half the Emit allowed for direct shear. As the author specifies steel = kar 
yy for rivets, and as recent experiments have shown that steel rivets in : 
Me tension give just the same results as round bars of the same diameter, a 
invariably breaking in the shank, there ap appears to be no good reason for us 
_ such a low limiting strain. The speaker would suggest that the allow- — 
able tensile strain on rivets be made the same as that for direct shear. — 
_ ‘The author has omitted to specify the working strain allowed for 
A “bending on pins, which, in 1 accordance ¥ with good prac actice, may be be the = 


= al The author specifies that e expansion rollers and bed plates should = 
be proportioned for the total load. | = the effect of the live load is 


‘Under Details of the author spi specifies that: ‘ Each main 
“panel of deck- bridges shall be provided with intermediate sway-bracing 
rods.” Modern practice requires stiff bracing. = 
re Referring to trestle towers, the author says: “=e struts shall be— 


to withstand their component of strain.’ This evidently 


q a cases the train may 
e rails in addition to nsing the 
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-. «“ Flanges } of plate girders o over 12 ins. in width shall have at least four F 


— 


Me nie rods at the present time. This : should, therefore, be con- ass ‘Schneider. : 


v4 oo In accordance with the author’s rule for proportioning plate gird-— 


prscusstow ON BRIDGE SPECIFIC ATIONS. 


sidered antiquated construction and in accordance the best 


_ The author specifies: ‘‘Girders formed of web “plates and angles 
alone, having no upper Sune plate proper, will not be allowed.” aol 
‘There appears to be no good reason why girders without an upper 


‘ flange plate should not be allowed, as all theoretical and practical con-— 


siderations point the other "way, excepting that it was once the practice | 7 
on the Pennsylvania Railroad. _ This restriction has been abandoned aa 
es by this railroad as well as by most other railroads which followed that : 
a practice, as being a nuisance to the Maintenance of Way Department. 

The general tendency of modern: practice seems to be to allow no upper. fs 

zs flange plates on girders which carry ties on the upper flange, as faras 


on The speaker thinks the following clause should be omitted: 


rows of rivets, and those over 16ins. in width at least six rows vs of rivets,” . 
_ as in his experience he has had occasion to observe that this very iim : 
being put in the specifications as a cast-iron rule without qualification, | 
_ has produced in some instances very ridiculous results. — 


ers, a girder 24 ins. deep with a web plate $ in. thick would require _ 
_ stiffeners every 2 ft. In the speaker’s opinion the intermediate stiffen-  __ 
ers in a girder of such proportions might be dispensed — : 
The author’s rule for determining t the length o of tie-plates at the — 
"ends o of compression 1 members, whose segments a are connected by lat-— 
-ticing, seems to be made to accommodate the poorest workmanship, — 
hag as even moderately good workmanship (as long as the pin is bored at 
2 tight angles to the center line of the member) will distribute the uel 
‘Pressure Ov over both segments. Strict conformity to this ‘Tule, which 
_ is also found in some other specifications, has produced i in some cases 
_ very anomalous results. The apeniees is of the opinion that if the end — 


The author specifies that: ‘‘ All bridges over 65 ft. long shall be 
- vided at one end with { turned friction rollers, not less than 2) ins. in | - 


‘The epesker would suggest that for plate girders of ordinary = 
“length, that is, up to 80 ft., the expansion end should slide on planed — . 
surfaces; and, if friction rollers are used for plate girders, the ends — 7; 


ry 


Cc He 


c q should he supported on pin shoes in order to distribute the pressure ' 
over the rollers so as to make them effective. He would also limit the 


While the speaker i is of the opinion that ‘Specifications : should not 
restrict the: designer in using his in the s selection of details, 
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8 ‘Schneider. be believes, however, that they should confine him to good practi 
and substantial designs, but prohibit gimcrack construction. © The 
speaker refers more particularly to those antiquated details, which oS: 
_ were in vogue when bridge building in the United States was in its in- 
fancy, s such as loop rods with bent eyes, wing plates, U-nuts, stirrups, 
@ loose hangers and other unsubstantial and complicated contrivances, — 
= speaker is constrained to admit that this kind of Siaay con- 


show ing the necessity for clauses it in specifications. The 
- few who still cling to the old practice are e either those who copy their = 
from books, or those who have for years been 


are to depart old ways. 

The following clauses inserted in the specifications would prevent 

‘this kind ofconstruction; 


_ Adjustable members in any parts of structures shall 
Jateral and sw: ay bracing: shall be made of shapes which can 
«resist tension as wellascompression, 
All floor beams in through- bridges shall be riveted 
posts, above or below the pin.” 


ideal modern structure has few or no adjustable 
when once erected needs little attention excepting 8 such as if is 8 neces- 
_ Another practice which is not consistent with good design, and : 
which is still persistently adhered to by a few designers, is the lop 
sided construction, which the author’s specifications do not seem to. 
By lop-sided construction the speaker refers to members 
pin-connected trusses” with unsy ymmetrical sections, viz., sections in 
which the neutral axis is not in the center ‘line of the member. 
% Placing the pin in the neutral axis of an unsymmetrical section by Me 
- means distributes the strain uniformly over the entire section, but C4 
4 produces bending strains in addition to the direct compression. . Ibis wife : 
also unsightly and unconstructive. In order to prohibit this con- 
struction, the speaker would suggest the clause: 


All main members in pin-connected trusses should have sym- 
a metrical sections, and the pins should be _ placed in the line of the a 


modern specifications prohibit the use of cast iron, 


where it is necessary to use castings, cast steel has" taken its place. 
¥ The specifications for the quality of material should therefore include © ree 
cast steel, which is not mentioned by the author. Under ‘‘Workman- _ 
* ship,” the author specifies: ‘‘ All workmanship shall be first class,” 
but omits ‘some particulars which are essential to first- class workman- % me ‘ 
The specifications say: W here the work i is to be field- -riv veted, 
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DISCUSSION ON BRIDGE SPECIFICATIONS. 
parts shall be assembled before leaving the shops, and the Me. schneider. 
reamed to match.” This is practicable in in only a few cases. The 


majority of field holes are in the connections of the floor system. The 
2 assembling and reaming of these holes in the shop is not only imprac- _ , “< 


: e ticable, but it is bad practice. _ As all members which are alike should | “a oe 


be interchangeable, the field connection holes between floor beams — — 
and stringers and between floor beams a and posts should be “drilled or 7 

The author specifies that: All abutting except flanges of 
plate girders, shall be neatly planed or turned,” ete. Why except — 
flanges « of plate girders ? ? The speaker i is of the ‘opinion t that eager ; 


a good fit and give the work a neat and finished appearance, r more par- =. 
De as this is the usual practice in first-class bridge shops. a 


ta 


bolts are used instead of pins a variation of vs in. is 
; wW hy this distinction ? Tf a bolt j is used in place of a va, it should 


turned to a fit. 

The speaker would suggest the additional clauses 

holes for field rivets, excepting those in ‘connections of lateral 

and sway bracing, shall be accurately drilled to an iron template, or a 

reamed while the connecting parts are temporarily put together. 

_ ‘The ends of floor girders shall be faced true and square. 
eye-bars or pieces which have been partly heated Shall: be 


Morison, Past-President, Am: Soc. C. E. —The speaker mr Mr. 
_ believes the general practice which has been recommended in this = 
_ paper, that the live load shall be computed as having twice the effect ‘ - a 
of the dead load, is one which has been generally recognized as good, — ' 
é for a considerable time. It is the one which he has follow wed. But oO 
whether it should be applied to all classes of strain seems exceedingly 
doubtful. All the formulas and all the experiments which lead to 
= 2 any such conclusions are based on the rupture of the metal; that is, _ 
they are based on the final destruction of the metal al by te tension. Fino fat 
supposing a member 
tainly, under that ‘condition, is never r going z to break by tension. And 
yet every compression member that anyone has ever seen tested to ey 
rupture has broken by tension. This means that when a long oa i 
pression member breaks, it is enduring strains which are very different — 
the strains to which it. ought to be subjected in actual 
“work. If the strains i in a compression member are kept down to such a 
: a Limit that nothing but compression exists i in that member, under the 
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Mr. Morison. . working § strains, — may be no reason for making any difference i in 


limit of strain allowed for dead and for live loads. There are 
_ ways in which tension appears ina compression member. . One is by % 
the member being so long that, through various irregularities, it is : 
deflected out of shape. The other is by the application of the strain a 
_ outside of the axis of that member. Both of these conditions should 


be avoided in a well-designed bridge ge. It is possible t to determine, by | i 


_ bridge are straight; nothing but compression can exist in compression 

members so long as the members are found to be straight. Ina 

_ designed structure, if the length of the posts is limited to thirty inet 

_ the least transverse dimension, the chance of getting tension in | the 
"posts, under an any working strains, is so small that there is no reason 
for making any difference in the strain permitted for dead and for ine : 
load. It has been the speaker’s practice for a good many years to 


a careful examination with micrometers, whether the members of 


: take particular pains to make the compression members balanced sec- 


tions. In the vertical posts of an articulated pin-connected truss this ‘ 


can always s be done. * In posts there is danger of tension arising under > 
various causes, as are liable, in case of 


‘practically same above and the center line. 
chords of a bridge are not liable to blows, and the length of vote 


- sections can be kept down to something like fifteen times the least 
_  eearrene dimension. These are points on which there is a great deal 


_ to be said, but it has been the speaker’ 8 practice for years, though ae 


making exactly the relative allowance that the writer does for the 
_ difference between dead and live load in tension, to allow a enifoem 
Strain in compression; but while doing so he makes rigid rules, on the. : 
_ lines which have just been referred to, in limiting the length of com-— 
The next matter is the load specified. This paper follows the i 
nation of providing two locomotives followed by a certain train-load. 
Curious results have sometimes occurred in specifications drawn on 
_ this basis. A specification was sent out by a prominent western road | 
some years ago in which a locomotive was carefully given, with leagth 


between w vheels, and w weights, followed by a certain train- load, 


- train-load was several hundred pounds per lineal foot more than the 
a locomotive averaged. The fact must be faced that there are likely to “_ 
very great in motive power at any time. There have been 
It is not at * 
all that i in many y localities trains will be operated by elec- 


trie power, and trains will be practically of uniform weight throughout, — 


: _ with concentrated weights on wheel bases at various points in the 
train. In thi: connection the speaker will from a paper 
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years ago as to the proper basis for live loads; this ) being int intended not — 
“as a basis adapted to any rolling stock actually i in existence, but to 
‘peobshilities which must be faced, these conclusions being: 
a _  First.—It is inexpedient to proportion structures for any specific — 
form of locomotive, as all such forms are liable to rapid change. — 

___* Second.—The present indications are that the train-load per foot .. 
ve is likely to be as heavy as the locomotive load per foot, though on a _ 
train-load the distribution is uniform; it is not so 


= 


 Third.—The load on the driving wheel of a locomotive 

_ Hiable to be twice as much per lineal foot as the train-load or the 

average weight of the locomotive per lineal foot. 
 * Fourth.—The driving wheel base of a locomotive may be taken as — - 
equivalent to 20 ft., a uniform load extending over 20 ft. being equiva- “a 
Tent to an equal aggregate load concentrated on three driving wheel —_- 

axles 6 ft. 8 ins., between centers, or on four driving wheel axles 5 ft. r. “ 
e between centers, or on five driving wheel axles 4 ft. between centers. - 


4 


 Fifth.—On fast passenger locomotives extreme weights are liable 


be concentrated on a single pair of driving wheels, these weights 
being increased by an injudicious system of counter-balancing; to _ — 
this condition one-half the entire driving wheel load should be 
considered as concentrated on a single axle. 

_  Sixth.—The usual length of the heaviest class of locomotives, as _ 
 eoupled up in the train, is about 60 ft. tag, 
_  Seventh.—The loads may be considered as practically uniform — 
i all lengths exceeding the length of two locomotives (120 ft.); for 
a lesser lengths there should be a provision made for an increased load 
=e to irregular loads and such local cashews as are 
by flat wheels and otherimperfections,§ | 
8 ‘* Kighth.—Provision should be made for the rapidity w with which — 
ee. are put on the web members, this provision increasing from 
_ the ends toward the center on a basis which provides an excessive | 
:-- for those portions of the strains which are greater when the 
_ bridge is partially loaded than when fully loaded. 
Ninth.—It is expedient to adopt different classes of weights or 
loads for structures which carry different classes of traffic, butin the — 
interest of simplicity and uniformity it is advisable to observe the 
‘same rates of variation between train- load, wheel-base load, ete.” 


: a _ The speaker has followed this practice for years, and it has gin en 
_ very satisfactory results, and wherever he has had occasion to compare 
it w with some special loading which has co ome ‘out, , he has been surprised Fs 


was the case of the special trucks on which the ‘Krupp gun was taken z ee ae 
to Chicago during the World’s Fair, 
‘ The next point to which he he would refer i is the design of plate gird- - 


ers; ; and he thinks that the specifications for a class of work 

_ which is not the best. _ The nearer a plate girder can be made to an ; 

ge ee solid piece of metal of its dimensions, the more perfect it ey 
The fewer pieces a a can a be the more 


ae 


a 


— 
pared for his own private use, the conclusions which he drew some Mr. Morison, “a aa. 
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184 DISCUSSION on “SPECIFICATIONS. 
- Morison. and below. There are advantages in cover plates, but _— nn a a 
_ strain that g goes into a cover plate n must be transferred from the ma 
a ‘a through two sets of rivets instead of one. In the case of plate gird- / 
ers, like some of the older ones and like some that unfortunately are Ai 
4 still made, in whicha large number of cover plates are piled up on the a. 
‘ two flanges, top and bottom, the strains in the outer of which plates 7 
va must be transferred by rivets of a length : several times their diameter, 
- there are serious doubts whether these outer plates really do much 
work. According to the theory ou which plate girders are propor- | 2 
tioned, the farther the metal is from the neutral axis, the greater the ee | 
amount of work it does. % But when the v work can n only be performed Bl 
through strains transmitted by long, slender rivets, , which rivets can é i 
- bend, no matter how perfect the work is, the speaker believes that the 7 
_ amount of work done by the cover plates, instead of increasing with ae 
the distance from the neutral axis, decreases with that distance. 
an Everything w which encourages the use of thick webs in plate » girders and ¢ 
_ a small number of parts in the flanges is to be approved. The speaker, a 
_ therefore, always proportions plate girders by the moment of inertia, ae =] 
_ taking into consideration the whole of the web to resist the bending © ie aia 
strains; of course, this means the whole of the web a as it contributes — 
toward the moment of inertia. Eliminating the web. encourages 
a - use of thin webs, and there are many objections to thin webs. Athin 
i. web gets out of shape. It deteriorates more rapidly if it rusts. = Bi oo 
- much more easily injured in case of any kind of accident. = ~ he 
“a Another feature in the specification for plate girders which seems 4 
- require some change geis the matter of stiffeners. The speaker does not 
believe that it is right to consider a plate girder as an articulated struct- E Set 
ure. The web must be treated in the same way as the web of an I- i 
a beam. . Iti is a continuous web, and the only function of the stiffeners 
to act as stiffeners to prevent | the web from buckling. ‘There is no 
established good rule determining the position of stiffeners; 


of the web- plate, vertical stiffeners shall be used. The altace shall 
_ bespaced at such distances that the product of the distance between ; 
* the stiffeners by the depth of the girder shall not be more than 10 =o 
times the thickness of the web. a: That i is, if the depth of the girder was 
100 times the thickness of the plate, the difference between the stiffen- “oh 
od = ers would be the same as the depth ofthe girder. 
There i is one other point. This specification contains the old pro- 
oo” vision that the rollers shall be proportioned according to the square — as" 
This is entirely wrong. Furthermore, any 
prov ision like the one ne contained i in these specifications that the rollers a 
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q > if they are toact solely as stiffeners. The following rule is suggested, 
— a. which is slightly varied from the one the speaker has usually fol- — ‘a 


DISCUSSION “oN BRIDGE SPECIFICATIONS. 
shall be so enclosed as to exclude dust is simply shutting in what you Mr. Morison. 
do not see. . Some years ago the speaker took great pains witharoller — = a 
epee ; it had a planed steel plate at top and bottom, , and the ends aS a 
of the rollers were enclosed by rubber gaskets under brass plates. _ 
- Jooked allright. When it was examined the rubber gaskets had served Be..9 


admirably to keep the dust in. There is no way of excluding = 


: does any good. The only satisfactory method is to make a con- a: 


struction in which the dust will blow out a little more easily than a 
will blow in; ; and this can be accomplished by placing the rollers. on . 
an open bed, made, as the speaker prefers, of rails placed about } in. a 
apart and planed, in which there is free chance for the wind to blow | 
n all directions, and in which, when the dust blows through the 
cracks, it falls into a space a good deal bigger | than the crack, — 7 
; oa which the ¥ wind will clear it out entirely. ii The speaker has never had 7 
any trouble with dust collecting around rollers since he has used this 
_-- But to speak of the pressure on rollers, he thinks that the correct — 
conclusion is briefly stated in these words, , which "were ri 


__ **The American practice has generally been to make the permissi- Psa 
ble weight per lineal inch of the roller proportional to the square root 
a _ of the diameter of the roller. A common provision in specifications _ 
limits the weight in pounds to 500 7d, d being the diameter of the 
roller. This rule is based on the theory that there is a permissible 
____ limit of indentation, which the roller may be allowed to make in the ~ 
e rolling surface, which permissible indentation is supposed not to ex-— 
ceed the elastic limit. If the versed sine of the indentation is con- 
: Z stant, the chord of the same indentation will vary as the square root 7 


4 of the radius of the cir cle ; and as the permissible weight is supposed — 
» to be a constant of the chord of indentation, which chord varies as the — 
2 _ square root of the radius or diameter, the strain is determined accord- 
im “While mathematically correct, this rule ities to me based on an 
: Re: incorrect conception of the function of rollers. There is no special | 
q a: - reason why the strains, either on the surface of the rollers or én the . 
7 a bearing surface, should be kept within the elastic limit; on the other — 
of such excess was to reduce the both of the rollers and 
A ' __ the bearing plates, to the condition of the surface of cold-rolled iron. 
7 - The only necessary limit is that the elastic limit must not be so _ 
_ greatly exceeded that the metal under the surface will flow, and the © 
; _ roller become permanently deformed, as has occurred in conical roller _ 
? bearings under turn-table centers, 
: _ On the other hand, the same absolute indentation which would 


_ groove, we have forces applied « on a o~— lever tending to lift that 
roller out of the groove, the vertical arm of the bent lever being the 
the roller, and the horizontal arm half the width of the 
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"Portions to the radius or diameter of the roller, the force required 


Mr. Morison. to roll the roller out of the groove will be constant. In other ods, 205 
: a. the formula which will maintain for all sizes of rollers a constant free- 


their diameters. = 
“In Germany this rule has there 
been a considerable variation in the unit strain allowed, the fact has — 
been accepted that the weight placed on a roller should vary directly — 

~The American rule is not only incorrect in principle, but vicious 
sin its results. It encourages small instead of forge rollers, a 12-in. 
- roller, for example, being allowed to carry only twice the weight that 
would be put on a 3-in. roller, so that the smaller the diameter of ee. 
rollers, the greater the which would | be on the ‘Same 


the per lineal inch 1 000 Ibs. for a roller 4 
ins. in diameter. Instead of varying the weight with the square root, 
I vary it with the diameter ; this makes the 250 
Ibs. per lineal inch ae. 


a 
— 
— 
_ “Tn proportioning expansion rollers, have adopted a somewhat 
tm 


CORRESPONDENCE. 
J. B. Jonson, M. Am. Soe. E.—The writer ter quite agrees with the Mr... Johnson. 
a - author i in interpreting all fatigue experiments as indicating that live 
loads require twice as great a factor of safety as dead loads. Indeed, : 
in his ‘‘ Materials of Construction ” (1897), the writer undertook 


show (Chap. XXVII), that the formula, sn 


mum for combined loads, and a = weeking stress for live loads. 7 
It is there shown, also, that this formula applies equally for stresses 
haaee of the same and of opposite signs, and, furthermore, that it is neither — 
a. more nor less than the old rule of twi ice as great a factor of safety for 
a ive as for dead loads. As this — last is s the burden of the paper, the 
_ writer can but agree with the author. The above formula replaces _ 
both the Launhardt and the Weyrauch formulas, as well as those 
which have long been in use by the Pennsylvania Railroad Company — 


wien are given in full in the work cited, and they will not be re- -— 
peated here, the significant thing being that the so-called “ new 7 
method of dimensioning” is, when properly understood, simply the 
7 a rule long used by engineers, and given by Rankine, 1 to use twice as : 


| 4 and others. The ) argument in its favor and the explanation of of its deri- — 


great a working stress for dead loads as for live loads. this is 


at understood clearly a a formula is hardly necessary, and the whole theory 
of a proper interpretation of fatigue experiments loses its iterest. 
Gi In the chapter cited a new theory as to the real character of the so- — . 
called ‘‘ fatigue” is also advanced. It is the opinion of the writer that 
=. this should really be called the ‘‘ gradual fracture of metals,’ ’ instead — - 
of *‘ fatigue of metals,” since the metal away fromthe planeof rupture __ : 
never seems to have been changed or injured in any way. His theory 7 
_ is that some one or more a the many small faults in the metal, _ : _ 
times called ‘‘micro- flaw 8," "are ti the starting points: for cracks, which | 


plete rupture oceurs. If this is the case, it should not be expected 
he ‘ that any great uniformity of results would be obtained on different 
_ Specimens cut from the same bar, and this is found to be the case. 
ad ‘It is true that proper working stresses W would never start the exten-— 
sion these micro- o-flaws for any number of repetitions, ‘but if the 
danger line can be fairly established, then engineers should keep well — 
Ee within it by the use of a suitable factor of safety; and certainly this — 
_ danger line is very much | lower for repeated or for reversed loads than 
static oads, these flaws would ‘proba- 
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188 
_ Mr. Johnson. bly never gradually extend under any load, penny great. The dif- = 
4 _ ference between live and dead loads is, therefore, a vital one, however = 
the theory of failure is regarded, and this distinction should certainly 
~ be introduced into the p proportioning of : all metal structures in some « 
_ rational manner. Apparently no better rule can be found than the i q 


_ simple one of allowing twice as great working stresses for dead as for te = 


in bridge ‘members. "This “matter was discussed* = 
_ writer, in 1887, when he waggested in lieu of the Launhardt formula 


of 6 for live e load. a This suggestion has been very generally adopted 
by bridge engineers, , and notably by Theodore Cooper, M. Am. Soc. is 
C. E., in his ‘‘ Specifications for Railway and Highway Bridges.” 
- the author will refer to the Michigan Central Railroad specifications — ae 
for 1896 he will find all his suggestions fully anticipated, including Ee 
even the variable allowances f for impact, excepting that no 
Ny of increase is added to the live load for spans exceeding 100 ft. 1 ‘ 
‘The use of different factors of safety for dead and live loads was ee 
c first presented to the writer by Mr. Frank D. Moore about 1882, when n 
in the employ of the late C. Shaler Smith, M. Am. Soc. C. E. At that 
_ time Mr. Moore used different factors of safety for dead and live- load a) 
stresses in chords of swing bridges, near the center, where the dead-— 
load stress is so largely predominant when the case of the span 
inging, wi ithout end supports, is combined with the live-load ‘sf 
-— Referring to the specifications 1s proposed by the author, it might be a 
“suggested that in place of the concentrated loads a uniform load be © 
used, combined with a concentration so as to give 


would be at once acceptable to the of the 
and to the bridge builders. These men also realize more keenly than 
q others, perhaps, the apparent hopelessness of such a result being ES 
‘The editor of a leading once said: «No class: 
oft men are so oes of the ideas of their fellows as the bridge en- See 
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in the offices of the several bridge companies would welcome more 
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bridge- -makers. are fer in advance of in the design and 
oa ture of steel structures. — If this be true, it must also betruethatthe 
bridge engineers, while insisting upon infusing something of their own 


re individuality into their work, have been willing to accept, to some — ‘3 
'e extent at least, the best from the work of others, and to engraft it in i 


their own designs. As the men in the offices of the companies 
e. recall (as they must all be able to do) how a set ot designs will be | s¢ 
heartily approved by one engineer, and be severed limb from limb _ 
by the next ‘to whom they are submitted, they must still feel, however, a 7 
that the time is not ‘yet ripe fora universal specification. Notwith- 
ig standing the progress made in bridge engineering, there is still a ir = Pcs 
. ae _ Only a few months ago the bridge companies were anxiously con- 
> sidering how best to meet the requirement of drilled medium steel.  . 
3 P: Expensive machines for doing this work will soon be idle, if, as seems pale 
likely, the present tendency toward punched, unreamed, soft steels 


= 


‘The most a specification like that proposed can accomplish, Bi 

; present, is to eliminate the ‘meaningless requirements, and more or 
ta less absurd clauses which punctuate the majority of the great number — th. 


Why should an arbitrary assumption of a factor of safety of 2,3 or — ju 
4 be made, or imaginary typical (?) engine concentrations be used, and —_ 
the stresses then be figured with such minuteness that, if the water __ 
: bucket happens to be at the wrong end of the engine tender, all the Ls 
% Why should it be necessary in determining pin moments to use a a : _ 
: specification which makes it necessary to find new allowed unit stresses =, Se : 
» * each point where a bar, or other member, rests on the pin? er. = oo 
_ Why should it be required that hours be spent in figuring dead-load , 5 
— "deflections, and changes due to camber, for the sole purpose of making © am 
elaborate diagrams showing the notching (even to eighths and six- 
, — teenths of an inch) required i in framing the ties, only to have it develop _ Ly 
FS Z later that the bridge carpenter has found it necessary to take out a phi . 

hump, or sag, of in., or more, sighting with hiseye only? 
. There is no part of bridge anatomy which has not been made the e ' on 
hobby o of this, or that, engineer. one the trough, or hat. shape, 
the only type of chord to use in a lattice girder. With the nextthe 
single web or T-shape is in every way preferable. 
two engineers using Cooper's specification, one will require that 
te unit stresses in details be increased for dead- load strains, and the - 


=, other will feel thet he is being imposed upon if this be done. ee oe. 
f: 
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CORRESPONDENCE ON BRIDGE SPE SPECIFICATIONS. 


believe a general vote in favor of any one specification is to be ex- 


points in the proposed specification which the writer would 


oe ) Limit to 3 ins. the minimum diameter of rollers for spans over 
150 ft. in length; and, by preference, segmental rollers —— be used. 
Increase the allowed bearing per lineal inch to 800 / ‘4 
Omit the clause prohibiting | 
_ (8) There is no necessity for the : requirement that built chords ian 2 
> 4 be spliced for the full area of the section, at milled ends. a 
- “3 (4) Pin-plates should be so arranged as to properly transfer to the a 
=> pins tl the percentage of stress borne by the cover plate and by the 
angles, secondary angles being used if necessary. 
aa 7 _ (5) Make the length of the plates on built sections one and one-— ‘s 
sehen times the greatest width of the member where niece come at 
= ends and one-half this length at other er points. 
4 (6) Specify the size of lattice to be u ‘used on larger as 
4 where angle lattice shall be used, and where double lattice shall re- - 
(7) There is no reason why shoe and bed plates on wail spans 
should be milled. The surface left by the rolls is less susceptible to — 
_ the action of rust than the 1 milled surface, and is also fully as smooth a4 
as the surface left by the av erage bridge milling machine. . aa ae 
(8) Requirements, such as: ‘ Rivets shall completely fill the 
holes,” ‘‘ Rivets shall be countersunk where necessary,’ ‘‘ Finished — 
members shall be free from twists, ” ete., ‘‘ Eye-bars shall be straight,’ a” 
-bars- shall be bored at the same temperature,” etc., m 
- nothing, and merely add to the length o of the oe specification. The first x 
sentence under workmanship, ‘‘ All work shall be first-class,” would — 
seem to cover it all. Of 90% of the so-called ‘‘shop instructions,” of _ 
_ the average specification, brief notes on the drawings are all that the 
(9) The limits of sulphur, and are 


(10) A require least) that all 
a a shall be oiled at the rolling mill. A few inspectors have also ES ' 
earnestly tried to have this done. » They have generally failed, the - 
: failure being largely due to the opposition of the mill men; ; partieu- 


a4 larly at those where material i is often loaded on the cars” while 


anietly to requirements contin more, and of not one-tenth the 
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material should be. shipped and lie for weeks under all Wright. 
weather without protection of any kind, is inexcusable. Most en- 
_gineers, however, treat the matter with indifference. Perhaps they 
rely upon the statement that the paint **holds better” if the surface © 
ai +The result of the writer’s observation is that soft steel rusts much _— : 
more rapidly than iron, when exposed without protection to the weather. — 
He has assembled a set of specimens taken from angles, channels and © 
flats which have laid exposed to the weather for periods of from two — 
to sixteen years. Some of the the specimens were oiled s soon after er rolling, 
i a year or more afterward, and some not at all. ‘3 Among the © 
_ unoiled specimens the iron ones show almost uniformly less rust than = 
the steel ones. A very casual examination is sufficient to show the im- — 
portance of keeping iron and steel structures thoroughly; painted, and 
show also very "conclusively that the time to. apply the protective 
coating is before any oe has been given for rust to begin its — 


R. Worcester, M. ‘Am. Soc. C. E.—The author's clear ‘and able Mr. Worcester. 


anes of the arguments in favor of the use of the Launhardt 
_ formula, or some similar one, for proportioning parts, seems to lack a 

one vital link in the chain of reasoning. ‘Tf, in designing bridges, the 
engineer were to make them ‘fail under a certain load, OF | at 


portunity occurred, then he could not do better, probably, than to 
4 sign them in accordance with the knowledge gained from Woéhler’s _ 
experiments. he i is endeavoring, however, t to so proportion 


uniform ‘elongstion,” is dealing with an different element 
. ine This ‘‘ limit of uniform elongation,” or ‘elastic limit,” is the real 
limit of strength of a structure. _ Beyond this, engineers hope never to . 
go, and a bridge which has reached it is hopelessly beyond its period by 
ie: usefulness. It is to keep away from this limit that the ‘factor of a 
safety” is used, and all parts should be designed with a view to being — 4 
__ Proportionally distant from this point. _ So far as the writer is aware, 
neither Wohler’s: experiments n nor any others have shown that an 
ie _ nite number of repetitions of a strain less ss than the elastic limit of the ie ' 
‘material (strains in opposite directions being added) has the slightest 
- effoct upon the elastic limit; and until it is shown, or reasons are given 
_ why itshould be inferred, that this elastic limit is reduced by fatigue, — e 
it does not appear to be proved that in | proportioning parts, the.engi- _ 
-neer should take account of changes i in the amount of stress. 


= ve There is, however, a logical reason for allowing a greater strain from an 


“a - dead than from live loads, and that is, that, while the former may be A 
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Vorcester. certainty. Not. only i is the additional effect of uncertain, but 
amount of the live load itself—especially in railroad bridges—is 
very doubtful, when it is considered that a fu future period ¢ of in- 
Acknowledging, therefore, the wisdom of. allowing lesser strains 
from live than from dead loads, the author’s method of proportioning 
parts has many advantages, above all, the consistency with which 
_ applies to details as well as to main members, but its simplicity i is va oy 
largely decreased by the introduction of an arbitrary and somewhat 
uncertain addition for impact. As an instance of the uncertainty of SS 
_ this addition, take the case of a floor beam of a double-track bridge: = 3 
i Should the same allowance be made for impact, under the specification, — 


* as if only one track were carried by the beam ? If impact is to be pro; 


cannot be more and quite as thoroughly provided for in 
_ this way, as Mr. C. C. Schneider has done for many years in his speci-— 


| 
the whole, the ‘specifications proposed by the author are very 
exhaustive and satisfactory. There’ are, however, some points which 
_ The writer would strike out the clause which reads: ‘A type of :u 
truss shall be used * * * which subjects no member to alternate 
strains,” This would apparently entirely bar out riveted Warren 
: trusses of any kind, which in certain places are exceedingly valuable, 
_ The author has followed the almost universal practice of requiring 
transverse bracing at every main panel point of deck bridges. In 2 : 
single-track = this requirement may be justified on the ground 


that it does no harm, , although it is notin conformity with the principle _ io: 


of so distributing the metal that the strains in each piece can be accu 
rately calculated, for it introduces indeterminateness in the strains which 
_ can be dealt with only by making arbitrary assumptions. In the case re 
of double-track deck bridges, however, 
worse than useless, for the reason that when a single track is loaded 
_-and one truss deflects more than the other, a rigid system of interme- 
diate transverse bracing will prevent the trusses from deflecting in a sy eA 
@ vertical plane, and will throw the track to one side, at the same time “ae 
4 making strains in the lateral bracing from purely vertical loads. — ‘This — 
t 4 will produce an exceedingly unpleasant, if not dangerous, side lurch mer ; 
in a rapidly moving train, and it is often the cause of a continual 
‘stretch of the lower lateral soda, with the intermediate 


ticity of the waste to which floor beams ar are riv eted i is alway ays sufficient — 


_ to allow for the unequal deflection of the trusses without disturbing — a 
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CORRESPO CE 0 
1d Mr. Worcester, 


any part of the web of a plate gisker as acting with the flange. - The ! 


common justification « of this is not thatthe web does not actually act 

- with the flange, but that it is often spliced, and consequently eenieen 
tive, and that the metal thus introduced does no harm. The practice 
—— er, not only needlessly wasteful of material, but often results Te 


in in making a rove much weaker than it might | be made with the si same ; 


ance » of amy that joints which are spliced 
shear only should not be considered as transferring flange strains, it — 
might prevent the common custom of the webs at the center, 


- r where the flange strain is greatest. It would also favor the use of 


deep girders where the depth is optional, and the adv antage wge of increased 7 
depth in the way of stiffness is of no small consequence . The practice 
also tends to making open trusses more economical than aa girders, — 
which would otherwise be more desirable = = | 
The prohibition of plate girders made without upper plates, 
‘though ‘supported b vy good authority ¢ on theoretical grounds, is | vale 
doubtful necessity, and often very uneconomical, while it involves much 


labor in fitting ties to rivet heads, and afterward in renewing the 


- The specification for vine pilates is deficient in that it allows re in. - 

webs to be used for very heavy shears—provided that flange angles 
sin two rows of riv ets, and the same webs, with no wider spacing of 4 

__ stiffeners, must be used where the shear is decreased to a merely nom- _ a pat 

- figure. While the science of proportioning webs is in a very 

primitive state at the time, ‘it certainly is is not ¢ common Sense 
: aoe it surely cannot be intentional to insist on the use of stiffeners y 
wherever the unsupported depth of webs is thirty times the thickness, — 
or for a j-in. web, where the unsupported depth exceeds 11g ins. 
The m many railroad bridge ge stringers, without v vestige of ome mers, now i in a 7 


any lack of strength from this cause, would bear witness to the ab- a 
 surdity of such a requirement. The writer suggests the following em- — 
_ pirical formula as one which will give a spacing about in accordance _ 
the best practice, and at the same time pay ‘some regard tothe | 
in which du alone: between stiffeners, in inches, ¢ = 
of web, and s = shear in web plate per square inch. The following = 
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Mr. 


exceeds one and one-quarter times the clear distance between 


ihe maximum pitch of rivets in the line of strain may well eS: 
 — than twelve times the thickness of the thinnest external plate ee 
connected, where the rows are not far apart transv sversely to the | strain, e. a = 
as in the case of flanges, where the angles each have two gauge lines. a + = 
of not any ag! limit for the ultimate 


_ The writer is not aware of any reason why contact surfaces should __ 
be painted rather than oiled before being put together. Such surfaces 
cannot rust enough to do any harm if not protected at all, and « cer-— - 

tainly a coat oil would prevent even Trusting in such a 


‘surfaces: which are to be immediately covered up, to daub the pant 
brush once over one of the surfaces, the chances being that not over | a 
50% of the area is ever touched by the paint. Under these cireum- 
stances, oil is much superior to paint, from the fact that when the 
parts are assembled it will crawl, by means of its own peculiar 
_ power, while any pigment will tend to retard this covering power. unt 
‘The spec ifications do not appear to contain any prov ision for initial — 
- strains i in adjustable members, and perhaps this is unnecessary, though | 
: bs the effect of this initial strain on struts and connections should not be © 
_ neglected. _ The writer would suggest the following clause, the word- 
ing « of which is from from the specification 3 
«Adjustable shall be proportioned for an initial strain 
10 000 lbs. When the calculated external strain in adjustable diago- 

= is less than 20 000 lbs., the maximum strain on the member shall _ 
4 be taken as 10 000 Ibs. plus one-half the calculated strain. When the p : 
calculated strain equals or exceeds 20 000 Ibs., it shall be used as the tv 
maximum, and the initial strain ignored. 
— the case of a panel where the two opposing diagonals are the 
— in sectional area, and the resisting struts of so much greater sec- as 
tion that they are inappreciably shortened by the tension in the diago- 
~ nals, this condition is practically true; because, when an external force 

; : produces an added strain to one diagonal and the base stretch, the — 
: — opposing diagonal is is shortened by just the same amount, , and, as the = 


changes i in strain are practically proportional to the c hanges i in length, 
it follows that half the external strain is resisted by the increased strain 
_ in one diagonal, while the other half goes to replace the strain formerly 
existing in the other. As the strain from external force increases, = 


finally a at which all all the in the “opposing 


= 
Ss 


the mills may be to get too high steel, 11 would seem to be rathera 
{ 
: 
“sal 
— 


— is a and after that i is dene there is no more nee: 
onsidering anything more than the external forces. 
> zi When the diagonals are not equal in section, the adjustable mem- =. 
r, being the ‘smaller, will be less atfected by external ‘strains than its | 
rigid opposite; that is, less than half the external strain: might 
be added to the initial strain, but the error involv ed i in 
ing the same rule i is always on safe side. 


F. E. TURNEACRE, Assoc. Am. Soc. C. E.. —The logical ‘sequence of Mr. Turneaure. 
- the main operations involved in the determination of bridge stresses 
“and of cross-sections, as it appears to the writer, is: First, the deter- 7 
mination of ‘the | dead- load atresses; second, the determination of 4. ef 
= 


to ‘of vibration and impact, thus determining as 
closely as may be the actual live-load stresses; fourth, the pourra 
_ of dead-load with actual live-load stresses by means of the Launhardt 7 
~ formula, or in 1 a manner suc h as recommended by the author, for the , 
. purpose of making provision for fatigue; and fifth, the selection of a : 
_ working stress for dead-load stress, or equivalent dead-load stress, _ 
_ which shall be sufficiently below the elastic limit to leave a margin — 7 
for v ndetermined secondary stresses, imperfections in material and 
workmanship, corrosion and possibly for occasional increase of the 
maximum stress by a rare combination of loads. 
_ As the writer desires to discuss impact principally, he will touch © 
on that subject first, although this is not the chief topic of the paper. : 


Impact and Vibration. providing for fatigue, ¢ or combining live 


and dead-load stresses for any purpose, it certainly seems proper to oe, 2 
use not the live load stresses as determined statically, but the actual a) 
Stresses to whieh the members are if such stresses | can be 


| 
| 


static live-load stresses, much sonal that those recommended as for Ma 
impact in the author’s specifications. Professor Robinson showed by 
his experiments* that vibration in ordinary spans, up to 150 ft. or 

- more in length, might be expected to frequently equal 15 or 20% of the 
static deflection, involving, therefore, a corresponding increase of 
chord stress. In a series of experiments of considerable extent, recently ; 

made by the writer,t Professor Robinson's results have been fully co 

“ roborated, and, moreover, it has been found that in still shorter spans 

this percentage becomes much higher, being at leust 409 for plate- 

_ girder spans of 25 to 50 ft. in length. Furthermore, this excessive 


_ vibration is not of rare occurrence, but takes place so vii as to 
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very extensive, but enough is known to show that the stresses added | vnc ee a 4 an = 
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Soc. C. E., Vol. xvi, p. 42. 


Turne 
“set up by unbalanced drivers and other cannes, then to the sudden- 4 


’ ness of the application of the live loads, but so long as unbalanced a ; 
: - drivers 1 must be used such stresses should be taken into a account. ag 


_ The writer is not prepared to offer an impact formula, but con- td 
- siders that nothing less than 50% should be allowed for girders up to —- 
50-ft. spans, and 20 or 257% for spans from 100 ft. to 200 ft. in na a . 


25% for the limiting ren in the table of the 
_ tions would be conservative figures. For very long truss spans it is 
_ probable that little or no provision need be made in the main members 
Ly for impact and vibration, as such would, in any case, be small, and 
furthermore the heating for s suc spans occurs 
"very rarely. 
pa a would be too small to cause vibration. ‘Mee dete as on this subject, are 
Dee greatly to be desired, but the writer believes that the provision for impact 
: should be liberal, and that it is better to err by making it too large t 
than too small. . Heis very strongly oppose to the method, followed. 
- in some specifications, of entirely ignoring impact as such, and in let- 
_ ting this matter take care of itself by using a fatigue formula which 
ostensibly deals only with the question of fatigue. Probably in the | P 


a minds of the writers of such eeperener the formula is intended to 7 


fatigue whateve er © over. “Tt ‘seem em that a » much better 
plan is to keep the of and separate, and 
P 


1 in either 
_ such formulas from time to time as the ae of these questions | 
increases. To use a fatigue formula alone, or to treat the subject as 

is done in Mr. Cooper’s well-known specifications, is, in reality, aon 
—_ much greater allowance for 1 fatigue, or for a margin of safety, in long 

‘spans than in short ones, as the impact and vibration is s unquestionably i 
a greater percentage of the live-load stresses in the short spans. This 
- variation seems to the writer to be in the wrong direction. == 

—— Fatigue.— —The author has proposed a method of making provision . 
for fatigue, which gives results that cer tainly agree very closely with 
the experiments, and w —_ would seem to bea very convenient fornia 


of this over the Launhardt or other but is disposed to ques 
tion the of making provision for fatigue to the extent indi- 


by ary formula « or by the method ‘proposed in the x 
"paper. The limit, beyond which it is undesirable « ever - 


, 

— 
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CORRESPONDENCE SPECIFICATIONS. 


new distribution of stress. — The margin between the elastic limit and — 
the ultimate strength is certainly very desirable in case of emergencies, 
and it is possible that in poorly designed s structures ures secondary ‘stresses 
are high enough to cause the total stresses to be occasionally i in excess 
of the elastic limit over very short distances, without causing mation- 
able distortion of the structures. In a well-designed bridge, however, 
such secondary stresses should be kept low, and the details made of 
equal or § greater strength than the members, 20 so that excessiv: 
unlooked-for stresses will rarely occur. If actual maxi- 
mum stresses never exceed the elastic limit, the ultimate ‘strength — - 
of the member, and therefore the margin for emergencies, remains > 
une ‘hanged, no matter how often the stresses are repeated, and, in case 
the maximum stresses were fully known, the writer sees no reason 
why it would not be safe to utilize the full elastic strength of the 
metal. any of stress over the elastic limit 


are in the structure which cause, among other things, 


metal would diminish the necessity for special provision for fatigue. 
Ib practice, such full provision for fatigue has in reality seldom or — 
_ never been made, since impact and vibration have been either cauiely oe 
_ overlooked, or have been insufficiently provided for in those specifica-_ 
: tions using a fatigue formula. a Even in the present paper the author . 
lays a , double duty on on his fatigue - formula i in 1 certain ca: cases where (page 7 
j 149) he adopts the ratio of 2 to 1 for live to dead-load stress, an P . 


oe q then considers this sufficient to provide also for increased stresses due __ 


> 


to vibration and shocks, but not to ‘‘sudden application,’ ’ for which o 
On account o of the limited know ledge local secondary stresses, 
: and of the possibility of the maximum stresses occasionally exceeding © 2+ 


the elastic limit in some detail, it is desirable to differentiate 


30% « or 40% as a as a reasonable addition | the actual live-load : stresses 
for fatigue. 4 It is, in reality, as much as is now usually allowed in 4 
short spans. For long spans there seems to be no reason for i increasing 
this, as the details a are likely to be better and the distribution of stress Be 
uniform. W hatev er provision i is de emed desirable, proper 
_ live-load stress to be considered is plainly the static stress plus the a 
7 increase due to vibration and impact. The frequency with which this _ 
_ maximum live-load stress is likely to occur is perhaps a proper subject L- 
for consideration in in adopting a coefficient for fatigue. Thismethod 


a would | give, for spans 50 ft. in length, an n addition, first to the static ; : 


o load stresses, of say, 50% to determine the actual, iaquentiy © oc- 
s; then | a further addition of, ‘say, 40% of 150% for ’; 
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108 CORRESYONDENGE O¥ BRIDGE SPECIFICATIONS. 
neaure. fatigue, ¢ giving a a eens: load stress equivalent to 150 + 60 = 210% of 
the static live-load stress. For longer spans the impact would aati 
less, but the percentage for fatigue would remain the same. 
_ For members subjected to a reversal of stress, the limit which 4 
‘must not be exceeded is the repetition limit as determined by tests, this 
- being less than the elastic limit; and it is certainly desirable to have 


a greater margin between the working stress for such members and — 


_ In the proposed specifications the stresses due to the centrifugal 
force appear to be classed as dead- load stresses. This seems to the — 
writer to be incorrect. For bridges: on moderate curves, the speed of 
ae 
 & ft. per second is low, and the horizontal component of the pressure | y 7 
4% of the train upon the bridge would seem to be as much a part of the - : 
ot live load as is. the vertical component. It would seem also that the 
percentage to be added to this part of the live e-load stress for 


lateral impact and vibration should be fully as great as for the vertical 


Thomson. T. Kennarp ‘Tucson, M. Am. Soc. C. E.—Why should m more j 


Leunhardt’ 8 cover fatigue, but any formula for r propor- 
tioning the m members of a bridge should also consider impact, , and th 
- “@ only basis for such a a formula would be an exhaustive set of experi- Py. 
_ ments extending over several years, and on all kinds of bridges. Any > a 
if _ engineer who will devote his time to such experiments will earn the ay 

The empirical formula proposed by the author is taken partly from . 

\, _ Mr. Cooper and partly from Mr. Schneider, both of whose methods — 
‘4 give good results, but why should they be mixed? A good many engi- . 
neers waste their energies splitting hairs when they ought to split t their } 


J 
_ Onashort line of elev ated viaduct, the speaker once had occasion to 


actually hanes; in first cost to have used more steel, on account of 7 
= better prices the shops would have given. 
we, 2 The writer i is surprised to see that the author advocates making a all 
bidders submit. designs and strain sheets, for, i in the first place, it 
necessitates say from five to ten companies doing a lot of work when 
only one can secure the contract, and, in the second place, s implies 


— 
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the repetition limit than between the working stress for members . 
| 
bY 
4 Mr. 
\ 
n= 
4 
caicuiate the difierence 1n cost, Caused DY using nber strains Of VUU and 
000 Ibs. The strain used was 8 000, but if 16 000 had been 
total cost of the viaduct would have been decreased by only 9 | 
i> 
—— 


CORRESPONDENCE OM BRIDGE 5 SPECIFICATIONS. 


sat the engineers of ‘the railroad are not what should Mr. Thomson. 
Again, if the contractors furnish the they skin 
as fear of losing the work, while if the railroad employs a competent 
e _ bridge engineer to make plans the work is easily controlled, and if the 
contract is let by the pound, it does not make so much difference w ho o 
; = The author adds one more to the long list of engine diagrams, not- 
withstanding the fact that it is impossible to get one to cover - 
ground. For instance, an engineer would not be allowed, generally, 
to aah, an elevated railroad to carry the author’s engine, 


‘engineers will be to arrive at any real as to 
all the clauses in’ a bridge speci ification, yet it is apparently always in -_ 25 
a “order to discuss any suggestions aiming at an ‘approach to uniformity i in : 
; practice. 4 Taking this view of the matter, the writer desires to offer a i. 
fewcommentsonthe paper, 
2 There i is one statement in the paper which brings out a point which e 
has often struck the w riter in examining specifications, and that is: _ 
_**The specifications have been written from the standpoint of the rail- 
road company rather than from that of the manufacturer.” — Undoubt- - 
edly, this spirit in writing a specification is perfectly proper when aa 
carried to sufficient insure firet- ome ‘tion 
"reasonable limits net economy. 


“factories, headed and controlled in most oat cases by plain men of business — 
and men of possibly : a high grade of mechanical knowledge, it was ab- pace 

solutely necessary that the engineers designing work, and making the — +1 

spec ifications therefor, should specify the exact requirements to the 

a uttermost detail of manufacture. - This procedure, through long years of 
sonstruction under the exceedingly diverse ideas ‘of engineers, has | at 
length resulted in the equipment of shops with many special tools, and 

- facilities for turning out almost anything which buyers really require, 


ie or think they require, to meet the conditions of use of the structures to Bons 
As time has the manufacturers have thought it prudent 
to so specialize their business as to be in position to meet all the re- oe 

_ quirements of the engineers of railroad companies. This has required | 2 
them to employ talented engineers, who have devoted most of their pro- 
fessional efforts to this specialty, to attend to the details of this class of 
work. These shop engineers and structural specialists have naturally | 
“been constantly striving to lessen the expense of production, and, at the Be 
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Moulton. ‘The: first- bridge shops, by this growth toward perfecting their 
rere work, having thoroughly wionowed out the chaff, in the way of 
odd and unnecessarily complicated details of manufacture, are in a 
4 ‘position to make suggestions to the buyers | of their product which will ae 
in many cases simplify and thus cheapen the product, without in any = 
- _ It was undoubtedly necessary, in the early stages, for specifications _ 
_ to be so written as to force the manufacturers to improve, experiment, a 
. spec ialize and perfect their product. A The period has arrived, however, iz 
_ when they know their specialty thoroughly, and the nearer a specifica- _ 
_ tion conforms to current shopand mill methods, holding up the standard — 
of excellence properly, and carefully following the work through all 4 
_ ‘Stages to eliminate errors and personal equations of the shop, the better 4 
and more economical the structures res will be. ‘To this end let the rs rail- 
- road companies engage specialists to handle their structural work, under 5 
the supervision, of course, of the proper chiefs, but see to it that these — a 
7 specialists are really competent, not only to make out strain sheets and — 
: figure out and draw details, but that they have had proper shop: trail ms 
ing, so that such details v will not ‘be: expositions s of some peculiar ideas — 
of the individuals, but will be up to date and of a character recognized | 
as “good practice,” both by the railway companies and the manu-— 


Iti is is probably within the of every bridge ‘shop 


ings and specific ations of railroad companies which cost the ar 

_ many per cent. more than necessary owing to want of knowledge on the — 
part of a designer of what a shop could do and what it could not ope } 
ay except at a greatly ir increased outlay, and giving a result no better for it . 

than if the structure had been designed with more know ledge « or or atten- 


_ tion to prevalent first-class shop practice. Generally in such cases it has i 

not been policy for nas manufacturer to make any comments to the buyer, a 

for obvious reasons. Possibly economy in the salary of the designer, — 
or confidence, has cost railroad companies many dollars 


experience of all in the differe 
a used in bridges to-day and that of even four or five years ago is a case 
in ‘Before that time was the « order ¢ of the day, 


5 what they can produce economically, aur which will answer the a 
poses for which it is required perfectly well, and have boldly made— 
known to all what they can and will make at a “fair price, and that all 


- _ _ fancy requirements must be paid for at an increased figure. s Designing 
engineers, consequently, i in justice to their companies or 


— 
— 
a 
al 
— 
ig 
tm 
— 
a 


of their material, and with a resulting economy in the cost of the a : 
ce. While a specification by a railroad company must state just what ‘ 
; mi) is required and bring out points which particular experience has shown Fs 
to be necessary, ary, yet it should be broad enough to allow the special F. 
knowledge of the manufacturing engineers to be available and 
; sy lead to a saving in cost of work and to getting the best method worked _ 
out for meeting whatever special conditions m may obtain. 
7 ath The writer does not see the force of t the author’s s statement that it a 
is impracticable to obtain fixed end conditions in columns. Struts — ee 
ae solidly riveted in with rivets enough to take the whole strain would 
approach the condition of fixed ends pretty closely. 


the ofd details for live and dead- pon strains, 


more nearly live. load than dead-load 
As the author truly states, the paint question is very controversial, ; t 
ci but . when pure oil is put on as a shop coat, and has several weeks to” a a 
dry, the writer has found that the surface produced nearest resembles im bY: 
that of glass or varnish, and that the difficulties in mixing and apply- a! ae : ‘ 
ing pure red lead to o such surface are re such that the men 


‘ this, and be 1 nearer perfection than. any bridge m men Ww whom it has ae 
his good fortune to engage, to get results a3 as 
obtained with paints of alighter body, = 
The writer cannot believe that it is best to be so rigid as the 


is in provision that no member shall be to alterr 


riveted structure it would militate economy of design in meny 
cases. Possibly the author’s meaning is misapprehended, and it should — fo 
be noted that he provides a method for proportioning members ob - 

obtaining net sections of riveted tension the 

rule seems rather severe, as in the case of rivets staggered about 45° Pees. at 

or less, it would cause all lines of rivets to be deducted. roe 

The writer cannot see why i in steel the: zigzag g section should be taken a 
2 - at three-fourths value. In some riveted bridges this method of treat- ove 

ment would make the bottom chords 10 to 15% heavier. without justi- — 

fication by: any which have come to the writer’s knowledge. 
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ing or drifting tests entirely. Surely these should be provided for, if 


"Phe writer notes no provision for its use ‘in the structures, ihe, no te d 

_ special unit strains for i iron. = If only used for fillers, why specify i iron eee, 
ofs so high a a grade ? ? Should it not be s stated just what oe sche be of ee 

The author nines that threads cut on steel Pre be filleted. 

this i is necessary on soft steel, should there not be a provision against ier 

square corners in re-entrant angle cuts, , such as occur where the ~ 

of a channel or beam is blocked off ? 
_ Why are open turn-buckles out 

Regarding inspection of work in shops, the weiter: thinks 
pay the railroad company toemploy a competent inspector, who would | 
have some other functions than that of notify; ing the manufacturer of a = 
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“clause that the shall g go to ‘the pass on on all the 
afore shipment 
Mr. Ricketts. Paumer ©. Rick Am. Soe. C. E.—The author has. pre- 
sented a very interesting paper, and, as might be inferred from his 5 
varied experience in structural design, his general spesthenings = 
would insure the construction of safe and durable bridges. 
_ It should be remembered, however, in considering the paper, that cs 
-_ there are three reasons why the use of formulas, depending ‘upon | the oa 
_ fatigue experiments of the German experimenters, in the design of Tee 
; the pieces of ordinary structures, is not necessarily rational. The — 
Pieces used the experimenters were small; were neither full- 


hich. are e subjected. Ina given time the 
of applications of the load in the experiments greatly exceeded rai 
‘g number to which ordinary structures are subjected. The safe allowed © 
unit stresses in structures subjected to moving loads are much smaller 2 a 
than ¢ any of those which were shown by the experiments to injuriously 
_ It is well known that in the design of full-sized pieces it isin some = 
eases irrational ¢ use the constants obtained from experiments on 
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entirely, as having no authority, or be us stages of the wok. 
of defects discovered after the v 
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1 by an inspector of the grade hould be delegated the bia 
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subjected. is well known that west: may ‘Tremoy 

get; and there is no proof that a rest, equal to the ‘length of time 

ae between trains on a railroad bridge, does not remove every evidence 

¥ 5S and effect of strain in the pieces of a structure properly designed — ~~ 
without the Use of a fatigue formula. Some of Wohler’s experiments 

_ show the very great difference in resistance offered by the 2 specimens ‘ 

fora small diminution of the load, even when both loads 1 were com- — - 
_ paratively large; very much larger than the safe allow ed unit stresses ie, 


wed i in the of ordinary structures. 


be used i in structural —Itis not maintained such 
formulas are wholly irrational, but it cannot be shown that they are 
_ more rational than the methods of proportioning in common use, 
= which have been developed, without the use of fatigue formulas, from 7 
general knowledge of structural materials and from observes ation 


‘These remarks refer to the The u use of 
et fatigue formulas is much more rational in the design of quickly — : 
= reciprocating parts of machines, such as the side’ bars of locomotiv ~ : 
. Fowzer, M. Am. Soe. Cc. E.—The use Laun- Mr. Fowler. 
iz hardt's formula would seem to be evidence that most bridge engineers 
b become convinced that it Te presents actual conditions more 
nearly | than does any other method of dimensioning. — ‘That the form 
isthe correct one for a formula for unit stresses would seem a. 
_ proven from a purely theoretical course of reasoning. = 
_ Nearly twelve years ago the writer, then employed as bridge en- 
gineer on an important line of railroad, had oce asion to. decide how | 
; iS high the unit stresses should go under actual loadings in use, before “os 
bs a many old bridges on the road should be condemned. It was the cus- | 
fc tom among many engineers of roads in that locality not to call a 
ne halt until 20 000 lbs. per ‘Square inc inch « on iron had been reached. This — - 


= seemed to the writer to be very unwise, and a method for determining ‘_——— 


the allowable unit stresses was — and published* 


Sa 


= it will seen thes “when a member is s subjected to all 
ae. load the unit stress may be allowed to nearly equal the elastic limit | - 
: without danger, but when it is subjected to all live load the unit p 
E stress must not exceed one-half the el elastic limit of the m material ; for 
— actual live loads m may never equal theoretically pure live loads, 
they may, in some cases, approximate them so closely as to leave only 
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CORRESPONDENCE ON BRIDGE SPECIFICATIONS. _ 
“VE 
a mall margin for safety. Letting Min. B ‘represent the minimum 
nel - stress on a member and Max. B the maximum stress on the member, — 
then, the ot is all caused by dead los ad 1, and when 


the stress is all ‘caused by live load Min. B_ 0. 


Letting S represent the maximum allowable unit stress and E the 


4 elastic limit of the material, then = will rep perier ar 


stress the load is all live, or, as ———, = the unit 


allow able will be obtained 


, or by | 
3 


hen the load is all multiplied | by 2, or, a8 


case S=— (1+ Max B thus giving a rational + 
with which to siditiigi a dangerous assumption, and a formula — 


tical i in _ form with Launhardt’ s. The results om its use were very 


‘square inch for iron, where it had been customary to allow 


2 That a formula of | this kind can be obtained from a purely theoret- 


tional argument in favor of the retention of Ronutenill s formula in 3 
bridge specifications. With easily constructed tables and a slide rule 
A to facilitate calculations, it is believed also that this is is - simplest of i, 
‘Then method given in the specification for the addition of sins is 
more rational than the common one of making the span 
4 length the criterion as to the percentage. Speaking from an extended — 
= experience with specifications using impact additions, the writer, ee : 
a howe ever, cannot believe i it ‘to! be other than a Srengse-yanih encumbrance >a 


‘are under w vay to. determine the actual effect of live are re completed, 


a method nay be devised which will almost exactly represent actual 
- conditions. Until this can be done, it is to be regretted thot any fur- — 
ther modifications of modes should b be No one 


4 companies, where widen from one another, 
_ repeated many times during the day, are not only confusing, but ab- 
a solutely disheartening to the wisher for more uniformity, besides nie 
= being the ° feature which adds m most tot the severe labor of estimating. re 
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on BRIDGE SPECIFICATIONS. TIONS. 205 


to decrease the the stress would be increased, 

20% would more nearly represent actual conditions. 

__ While every engineer may find occasion at times to use rivets in 7 
tension, yet, to sanction the practice in a specification is to cause 
license to become liberty and | give ‘unscrupulous an excuse 

ith such extended use of cone for foundations a value should 


matter to give e different values for different kinds of stone. 
Under ‘ Details of Design,” it is specified that 1 no part of the web © 
shall be counted as flange section. In the large | girders now being 
- built for heavy loadings, the number of cover plates to be piled up can — 
_be very wisely reduced by carefully designed longitudinal web splices — 

which will develop the strength of one-sixth the web for flange sec- 
tion, and certainly no objection can be found to this webs of 
‘The provision for fully splicing the flanges of girders is a wise one, — 
; rs as no dependence can be placed on the abutting of plates or angles; _ 
for, no matter how carefully they are ‘Planed and fitted, ‘they are 

almost sure to draw apart in riveting. = 

oaks The method o of proportioning tie plates for transferri ing the s stress 
borne by each segment is the only logical one, and should be onteyied 


2 ie never been « correctly stated in any ' Specification. + The | prov iding 
of rollers : should not depend alone upon span length, but also upon — 
the weight supported or size of bearing plate, using them when the _ 


size of bearing exceeds 200 sq. ins. 
dite - Other things being equal, the best designed pin-connected br ridge — 
is that in which the eye- -bars are } packed | as nearly parallel to the 
» of the bridge as possible, disregarding the requirement to so 
ae pack them that the moment on the pin would be a minimun, figuring | 
the pin after the bars were properly packed and using the size | 80 ob- 


% tained, provided it was reasonable, and only in case it ‘was not, adopt- 


ing some other arrangement for packing. 
_Under Quality of Material,” the steel is specified to have an ulti-— 
_ Ihate strength of from 52 000 to 60 000 Ibs. per square inch. Not only | 
thi this out of the ordinary» limits | of most t mills, and ‘consequently 
ie; _somew hat hard to obtain promptly, but the writer believes that a vote. a 
of those interested would show a decided majority in favor of a soft- — 


Bi medium steel, having an ultimate strength of from 55 000 to 65 000 
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ees dation, is the requirement for the assembling in the shop of adjacent ao 
d spliced members which are ‘to be field riveted. — This will i‘ j 
- ada to the cost of work; but it will prevent many misfits and much 
om butchery in the field, to the great betterment of the work, = = 
_ ‘The subject of Painting” is one about which the last cha pter will ie a 
not be. written for many years, and, , until: then, ‘it beho he pu 
chaser to see that the material is kept from the weather as much as 
= possible until it shall have received its first coating. This first coat- 
ing will never adhere perfectly until the mills shall devise #0 some means 


While a like the author’s, with such a large 
— of commendable features, calls out such an interesting presentation ra 
experience from engineers, it is most to be that the 


increasing, , the number of bridge ations. 
‘Sxow, Am. ‘Soe. C. E. —It proper limits: are assumed 


varying unit strains used. ‘here is undoubtedly a little less work 
in proportioning t the parts: of a by ‘the former method than 


sheet are more when actual plus reasonable impact 
are 2 shown and varying units ased, than when a system like that rec- 

would seem that the produced by unbalanced drivers 
and defective track and wheels, would better be for by a cer- 


Boston and Maine Railroad i is to provide. for an at any point 
equal to a static load of 12 500 Ibs. in excess of the typical load, when ed 2 
‘figuring for consolidation engines; and 15 000 lbs. when using the 


two-axle load. a The different schemes of percentages used by various one 
variation of strains should certainly be applied to all 
tions fully as much as tothe main members. __ 
Launhardt formula, as modified by William Cain, An. Soc. 


fatigue. If identical coefficients are used with this and the 2 to 1 ee 


method, the same results will be obtained at the limits of all live load — - 


— 
— 
— 
— 
— 2 
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— 
— a 4 is augmented by some multiplier and added to the dead load anda = | 
— | 
— | 
q a 
4 
blow from a flat wheel, for instance, will be the same in actual __ 
— 
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are * 


nd all dead load, we at intermediate points, the two methods vary Mr. Snow. — 


dhler’s experiments values of between the limite. of 0 
nd 1 ‘seem to be altogether t too few to build on to such an extent as — 
has — done. When ae with values of for abscissas and — 


‘mit strains for ordinates. fit the Cain formula fully ‘as vell as 
author's curve ; showing a tendency to fall in a straight line or in a a 


 eurve that is convex upward rather than in a curve convex downward - - 


. as is the 2 to 1 formula. The points are so few that it seems ridicu- 


lous to contend that | any formula ‘is established by them. 


P. unm) 11.000 000° 


(8 
>= 


‘ACTUAL UNIT STRAINS. 
_PRODUGED BY VARIOUS SPECIFICATIONS. | 
ON DEAD AND LIVE LOADS 
af. 4 CONSIDERED AS STATIC, 


a.” 


_ on another, and that if the strain is great enough to make this an 


a 


Movement continuous” each time the load is applied that the piece 
will ‘ultimately break. Tt is doubtful, however, if th® actual strains 
usually occurring in good practice will produce this effect. It is 7 
likely that a condition of increased elasticity and decreased ductility . : 
be reached that will resist all farther molecular 


in this rearrangement of molecules than the absolute 
maximum to minimum in ordinary 
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altogether beyond the capacity of science at present, and it seems t as 

is to adopt a scheme of impact adjust-— | 

a reasonable course to pursue to acops iia 


Mr Snow. ment or unit strain variation, or both, based on actual observation of 
__- various types and sizes of bridges. A scheme that produces unsatis- 
. factory bridges is not right « even i if it is based on some interpretati ; 
a. Perhaps : a fair way to compare the practice of different designers - 
- _ regarding impact and fatigue is to assume certain live and dead aad 
oo 4 for different span lengths, apply the various rules prescribed for im- e 
pact an and unit strains, divide the _ modified loads by the 
ythis 
quotient. result of this division will be the unit strains produced 
7 m by the actual load considered as static. _ The diagram, Fig. 4, shows mei 
- results of this calculation as applied to the author’s recommendations; 
Cooper's C General Specification, 1896 ; Greiner’s Baltimore and Ohio, 
1896 ; Pegram’ s Union Pacific, 1895 ; Schneider’s Pencoyd, 1895; and 
the Boston and Maine, 1896. 
The assumed loads were obtained from a diagram of weights of 
iron bridges and corresponding uniform live loads published byG.H. | 
Pegram, * M. Am. Soe. C. EB. Class D was used ; the equivalent load. 


0 
veing 92.000 track load of 400 Ibs. per foot 
sp P 


= re to the diagram weight of bridge, and the sum taken as the dead 4 


load. For the sake of obtaining continuous curves, the unit strain 
prescribed for eye-bar tension was used for all spans, without consid- = 
the c change for : shapes: prescribed by some for the shorter 
_ Ifthe weight of bridges produced by the individual specifications a3 
been deduced, i nstead of the diagram weights for all of 
them, the: curves: would have come somewhat nearer 
= toge ther, but the relative positions would be very nearly as s shown. — ot 
The writer's experience would lead him to judge that the outa! 8 
will produce disproportionately heavy bridges of 30 
"span and less, when compared with those of 75 to 125 ft. It would ar 


ee ‘seem that the impac t allowance, while being ample for the shorter 


Maine specification contains the following clause: 


Y he _ spans, should be greater for the longer a and should extend to those ee 
greaterlengthsthan is proposed. 


The rigidity @f a bridge is of fully as much moment as its ultimate 


ngth. In recognition of this principle, and to ‘discourage the 
to use unreas onably s ‘shallow beams and girders, the Boston 


y «In girders the flange units shall be modified by the ratio of effec- - 


tive depth to length as follows: 
ss «The tension unit shall be a (a+ , in which d is the strain 


depth and Ithe effective length of the But it shall never ex- 


— 

— 

q 
— 
— 
4 | 

= 

ae 


CORRESPONDENCE on BRIDGE SPECIFICATIONS. 


~The tension unit ‘aiieciadliies to the ratio of is represented Mr 


a. The compression unit is similarly modified. 2 
© similar reduction should be used in shallow deck and pon pony 
trusses, but an increase for deep trusses would not be advisable, as the , > 
are light enough without this modification, 
somewhat similar assessment on long, narrow of lateral 


ing is provided for by the following: 


‘ir 1 in laterals shall not exceed 10000 Ibs. p per inch; 1 nor 


a 0 000 —;-, where d is the distance center to center of ae and ithe | 


is suggested that something to. cover these points an 
improvement to the e specification under discussion. « 
riveted trusses are out by the 


necessarily remain straight and in the line of strain. a Apinmaytend ~~ 
to hold a member in this way, and it may not. The top chords of pin 
trusses should certainly not be considered as fixed, and those of a i 
‘iveted truss are only partially fix fixed. It is the custom of the ‘writer 
f to consider partially fixed columns as hinged, with lengths 1 reduced to— 
_ two-thirds or three-fourths the actual length of the member. The pee > 
_ Rankine formula allows too much load on very long, slender ane, ‘. 
ue It is suggested that some limit ‘or —— clause shc should be used to to 


in the webs of riveted trusses ‘and the ends 


‘There seems to the writer to be no good reason iis neglecting ‘the 


web in computing the moment of resistance of plate girders. The edge . 
of the web plate must take tl the same unit — strain as the flange, and this bo 
“decrease toward the 1e neutral a axis. these conditions « obtain, 
the web is resisting moment and must be carrying load. To say that 
_ the web is left free to carry the shear by neglecting to use it for flange — 
is nonsense, The facts of mechanics cannot be by assump- 


is a measure of safety, is caution thrown away. Plate 
girders need no special favors when compared with other types of 
_ structures, and if figured with all the latitude that can be defended, — 

7 they v will still be better bridges than trusses s figured to to the same units, 
It is not apparent why open turnbuckles for adjustable 1 members 

4 should be ruled out. The preference of the writer is exactly opposite _ 
to the requirement made i in the specification. Sleeve nuts have been 
‘ known to be split from end to end from the freezing of water which 
z ‘filled the space inside on account of the the upper end end admitting water ian 
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Is there obj 

steel if the work on is as. not to endanger 

punch and shear are the enemies of high steel in ordinary bridge work, a 2 

Eye-bars may well be of medium steel, and pins and rollers of ah 

harder material. Hard steel rollers between hard steel or cast-iron 


plates may well be loaded higher per lineal inch than allowed by the Ss 


dt is certainly well for engineers to discuss frequently the vari- 
ous points of bridge designing, but a standard specification adopted | 
by so high an authority as Committee of the American Society of 
= Engineers i is probably n not desirable. Like some other literature ao 
extant it might be made to mean far more than was originally intended. Joes 
Furthermore, the specification does not design the bridge. Afterin- _ ke 
- numerable standard specifications shall have been written it will still 4 ine 
a good behind the in to get a a good 


h will ‘result i in one more step toward the attainment that 


ever, is of the opinion that the revival of the Pies as ap- 


7 = to bridges is a step backward. The paper makes it very clear 


that such a thing as fatigue of metal really exists, when the metal is Re 
strained above what is commonly termed the elastic limit, but shows — 
no good reason for assuming that it will apply in the case of bridges 
7 _ The conditions affecting the metal in the tests and those affecting it — “ 
in bridges are essentially and fundamentally different. In the former = 
_ the load is applied every few seconds so that the metal has no chance 
to recover its equilibrium after one application before the next 
- comes on, the intensity of stress is above the elastic limit, and the a 
- number of applications of the load is very great; while in the latter 
_ the moe are applied at comparatively long intervals, even in elevated — 


‘tween loads, the intensity is only about | one- third as | great and never a, 

_ half as great as that used in the tests, and the total number of appli- cay : 

cations of the loading is comparatively small. Such being the case, — ce ao 
_ it appears to the writer to be unsound logic to deduce that what holds — 
true for the metal in the tests will also hold true for the metal in wie 


4 cated. _ The writer was struck with this a few weeks ago when fishing 
_ for tarpon, with piano wire snells which were rather light. - After he 
had just los lost a fish by the ae a wire, the boatman, an unedu- 
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cated foreigner, advised that he use two or three snells, one each aay Mr. Me. Wadd. x 
as to give the wires a rest, and assured him that they would then 
“break less often. ‘ The boatman stated that he had found ‘this out fro ~ 5 
79 In respect to reversing stresses, the writer believes that the —_— 
element is a most important factor, | or that if the condition passes 
immediately from tension to compression, , then to tension again, ete.,the 
effect will be much more injurious than in the case where the metal has 
a chance to rest between the applications of opposite stresses. = 
A glance at pages 142, 143 and 144 shows that, for stresses of one — 
kind, the smallest intensity producing rupture is in } EXCESS ¢ of the elas- 
ae tic limit, and that for stresses of opposite kinds the sum of the two. 
intensities when rupture is produced is also greater than the elastic. 4 
Ie limit. There is nothing in Wohler’s experiments to warrant the de- 
iS duction that every live load is twice as destructive as a dead load. — 


The live load of the experiments was probably just twice as effective 
me: as a dead load, in that it was ‘applied suddenly, but the live loads on 
is bridges are not applied suddenly; i. e., it takes an appreciable time to _ 
‘Ch: bring them on. For the last twenty-five or thirty years » engineering © 
students have been taught the demonstration that a ond- 


tension that the same very gradually does; and the. cor- 
_ rectness of the theory has been proved by actual experiment. This — 
idea of double effect, therefore, is no or ie nevertheless, when — 


‘it would be bat proper to apply it to the 
bottom chords of a 500-ft. span ? This question is one of actual in- 
of working stresses, and can be settled finally only by experi- 
‘Tf, for it is known that under the worst. possible 
stances metal i in any eye-bar of a bridge i is strained not to 


it can never be worn out by the ties Why, then, need engineers © j 
h hae trouble themselves to make investigations s concerning tl the least as a 
as the “greatest stress, and. complicate the proportioning fully 100%, 
simply to comply wh some experiments that ‘‘have nothing to do 
‘s _ The simplest, il scientific and most satisfactory method is to add 7 
varying percentage to the greatest live-load stress found on the 
sumption of static loading, the proper percentage being taken from a Q 
> table. _ It is true that the exact values of these percentages are as yet f° 
somewhat a matter of conjecture, but some day they certainly will 
not be. In the writer's opinion, there is no more praiseworthy task 
for ‘the Am merican igineers: 8 to undertake than to in- 
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"4 212° 
Mr Waddell. l. vestigatethoroughly, by numerous experiments and adequate apparatus 
and appliances, the actual intensities of working stresses for all mem- _ 
_ bers of all approved types of modern steel bridges. It would take 3 
time and money to do this—the former could be given by the members — a 
_ of the Society, and the latter could be obtained from one or more of a 
America’s broad-minded and generous millionaires, provided the matter 
properly presented to them. 
It seems to the writer that the author complicates designing by 
using impact and the Launhardt formula combined, and, certainly, his 


Be ne impact allowances are not right, as they reduce to zero for = 
spans exceeding 80 ft. in length. 


The paper states that: 
distinction between live and dead strains in proportioning details, 
those which adopt the Launhardt formula 
The writer published the following in 1898.* ‘i, 


_ Tn spite of all that has been said to the contrary in the past, or 
that may be said in the future, the impact method of pro ortioning 
_ bridges is the only rational and scientifically practical mothed of de- 
‘signing, even if the amounts of impact assumed be not hE 
correct; for the method carries the effect of impact into every detail — 
and group of rivets, instead of merely affecting the sections of the 
: = members as do the other methods in common use. a 


‘The writer endorses most heartily the author’s statement that: 
_ “The details are the most important part of a structure, and those Bo 
experienced in maintenance will testify that it is the live strain >), ae 
which causes loose rivets and which wears out the bridge. To provide — + 
for dead and live strainsin the main members, while making nosuch _ 
provision for the details, is to build a scientific structure upon a crude 


This principle v was really the true raison @étre for the writer’ s book, — 


before mentioned, and will be found to pervade from z 


ures they buil 
In the specific ations proposed by the author it is stated that: . 
_ type of truss shall be used in which the strains may be readily a = 
culated and which subjects no member to alternate strains.” Com-— 

pliance with the latter portion of this specification would i involve 


importance of co mechanical work until they maintain the ae 


- abandonment of the Warren girder, which is most useful for deck de 


+ = structures, and rigid diagonals near the middle of truss ping and 


| 
og 
— 
q 
— 
= 
ag 
if 
— 
; 
4 
q ay ‘The writer also endorses most heartily another statement bythe 
— author, who, in speaking of inspection — 
“There is no element in bridge construction more important, if 
— 
q 
oa Struculon WHICH 1S rapidly DECOmMiIng altiquaved. = 
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The reason for not. spreading: farther apart between 
F centers than their depth is not apparent to the writer. Cree 
—— writer believes that an assumed wind pressure of 50 Ibs. per 


too Most roads sequins 13 ., and some of them more. 


‘unwa ranted. All ordinary single- railroad bridges with eye 


bottom chords would double up like jack-knives" under such a. 
seems unnecessary to proportion the compression flanges of a 
plate girder by formula; because, if it be stiffened properly by brac e- 7 
_ ing, the same section as that used for the tension flange will be ample. _ 
oh In specifying 300 lbs. per square inch as the greatest allowable 
pressure on masonry, the author would load common manana too 


legitimate. Surely there ought to some distinction in this 
ticular between . American natural cement, concrete or brickwork, and — 
graniteofthe best quality, 
_ On page 159, what is meant’ by ‘ ‘unequal tearing "> Itay t appears to 7 
be an unfortunate term, as any tearing whatsoever would be likely to 
soon cause the destruction of the he bridge. 
The writer believes that the web of a plate girder certainly, ads 
‘the flanges i in resisting bending, and therefore ought to be figured on 
2 -_ so doing. Ifa designer feels confident that this is the case, he is 
- not likely to put in splice plates proportioned only for shear and in- 
‘a Sen to develop the full strength of ‘the web acting as a beam. . ; 
_ The writer takes exception to the clause of the s] specifications whic h 
- compels the use of cover plates from end to end on all plate girders. | 
They are an intolerable nuisance to the trackmen on account of — 
 Tivet heads. In elevated railroad work cover plates are barred out — 
ae for this reason. — Can the author show good reason, from practical | ex- 
perience in 1 maintenance, for this requirement? 
; tm In respect to the stipulation that ‘all segments of members in 
i compression, conuected by strapping only, shall have terminal cross- — 
oe bracing plates at each end, the rivets and net section of which shall 
sufficient: to transfer the total maximum “strain borne” 
-_segment,” the writer would state that once, years ago, when acting — 
. contractors’ engineer, and when endeavoring to make, in the office © 
= the consulting engineer, who had inserted a similar clause in wad 
% specifications, a design to satisfy the said engineer, he found that in 
one span the batten plates would not o only y meet at the middle of the 
panel, but would have to lap past each other. 
Friction rollers 24 ins. in diameter are rather ‘The writer’s 
is ins., and it is not unlikely that this also is too low. Rollers 
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alt CORRESPONDENCE ON BRIDGE 
bag Mr. W addell in Iti is all very well to specify in respect to weshenanilp that: 


; but there is no bridge shop in rte pore 
ow which can with this requirement. 
at The writer’s specification* is about as stiffas the shops can well z 
In the writer’s ‘discussion | of the paper. entitled The De Determina- 
pi. of the Safe Working Stress for Railw: vay Bridges « of W rought Iron ‘eae 
and Steel,”}+ by E. Herbert Stone, M. Am. Soc. OC. E., he made a com- 
‘parison of the ‘‘nominal stresses” involved by the impact 
—_ mula and intensities ier “De Pontibus” with those given by Mr. _ 
tom chords of single-track railroad 
As a of ‘curiosity, the corresponding ‘nominal 
esses” by the author's method and specifications have been com-— 
puted, and the results have been recorded in the following table, the i 
author’ intensities being increased so to correspond with 
4 dium steel by multiplying them by the ratio of ultimate ar = ile | 


Nominal Pe ereentage 

sities per “De \" increased for | 
medium steel. 


121 


i= 


| 


ae i will be seen that the author and the writer would not be so very — 


far in their intensities of working if they were wing 


‘members, where ‘the stresses rev reverse, the 


would probably be greater, 
_ There is one point not rs connected with the paper, but 


“brought out | by a comment upon it in one of the technical papers, — 
which the writer would like to mention, viz., that in his ‘speci- ane 


ficationst in spite ‘of the use of an impact percentage, there are 
three tensile intensities adopted. The explanation of this is, that 
_ there ought to be a distinction betw een steel in eye-bars and the same - 
metal in built tension members, on account of the injury to the latter 
_ by punching, etc., in the — that there is no real relation | between 
+ t Proceedings, Am. Soc. C. E., May, 1898, p. 364. 7 
“De Pontibus,” Chapter xiv. 
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“the tension in an eye- ~bar and the extreme fiber stress in a rolled or Mer. Waddell, 


the give 18 000 Ibs. for: chord- hese eye- 
ae diagonals; 16000 lbs. for shapes in same, for eye-bars in hip-verticals , 
, : - and for adjustable truss members; and 14 000 lbs. for flanges of built It 


beams and for shapes i in ineuspenders, 
THEODORE Coenen, M. Am. Soc. C. E.—The remarks made by the Mr. Cooper. s< 
_ writer in the discussion of the paper on ‘ The Kentucky and Indiana y 
_Bridge,”’* are the views he would now express as applicable to th to the sub- sub-— 
_ The writer believes that if all the various y emomalous waysin which ~ 
retaining walls stand up or fall down in spite of the theory of earth-— 
ae works pressures, were classified under the term ‘fatigue of stone 
_ walls” it would be generally ‘considered as ‘ absurd and unscientific.” . 
The te term ‘ ‘* fatigue of metals ” is equally absurd and unscientific, and 
Eo has been a . stumbling block to the comprehension of the true ‘principles b 
governing the classed under this term. 


to be rejected, modified or as new sw phenomena, observed 
experimental, have shown the deficiencies of the existing theories, = 
eC _ The theory of the limit of elasticity as heretofore held, and which 
was based upon experiments commencing at zero and extending te ' 
- some determined maximum of tension or ‘compression, falls to the 


| 


aa. 


ground when the tests, as in more modern experiments, take a more _ 
range. does not follow, however, as the author 
states, that Wohler’s experiments “entirely destroyed the theory of © 

thei (the metals’) perfect elasticity,” but they do show that the 
as to limit of such perfect elasticity is wrong. Wohler’s tests are in 

a - fact the most perfect proofs in existence of the perfect elasticity of 

ery ’ steel and iron, within certain determined limits. If a piece of a 

be remains absolutely unaltered after many millions of applications of 

= strain of various kinds and amounts, could any better oumennenall 
_ The author appears to have become confused by the various nas 

ars ites of the term ‘“‘ elastic limit.”” That it is necessary and proper for os 

_ laboratory refinements to ‘‘ split hairs,” need not bother the practical = 
workers in any ny science. Part of the confusion arises from a mis- - 
understanding. Perfect elasticity and uniform elasticity are not 
necessarily the same thing. The engineer, from a practical point of 
view, considers a structure to have perfect elasticity, if under any 
number of repetitions of the loading it remains unchanged, and returns 7 


after rest, to its original form. 
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Mr. ‘Cooper. That all test pieces or finished structures eae show a slight set _ 
AS 
has been well recognized from the earliest experiments, and is due to — 
(on 
two reasons: first, no material is free from internal or initial strains; x 
second, the sluggishness of the elasticity; more or less time being me oa 
before the piece can return to its original condition. 
_-—-—-' The writer cannot agree with the author that ‘this slight set . 
probably tl the true explanation of the results obtained by Wohler. 7 “old 
- On the contrary, he thinks that Wéhler’s tests show clearly that for — 


ponotionl this small set does not affect the perfect elastic 


to the old name, Elastic Limit, trusting a considerate ] profession. 
to give it the revised interpretation.” Does he mean to assert that — 
yield is more concise than “elastic limit,” and that those 


= a of view. “Ww hile it does require great refinement of tests to Parsee og 
with minute accuracy the exact point of the elastic limit, there is no — 

ats _ difficulty in determining it near enough for all practical purposes, 

_ with ord ordinary care or ordinary instruments of measurement. “8 _Thecom- 


- mon commercial method of determining it by the drop. of thescale =o 


is absolutely false, and gives errors as high as 10 000 always 


_ «ti is time for those who believe that the “Elastic L Limit” is the e a 


7. true test of the capabilities of structural material to point out the fal- 


sity y of these determinations and insist on the proper methods being 


used occasionally, as checks upon the cruder and false methods. Any 
claim made for elastic limits of ordinary structural steel that exceeds 
of the breaking strength may be looked on with ‘grave 
should only be accepted after proper methods, carefully wor 
a The coincidence, shown in the last column of the table, on page ae ” 
is 146, is interesting, and may be more than a mere accident, but the is aps 
theory formed by the author in explanation is not satisfactory. _ 
= If the ne range o of action of the strains is considered, the same figures — 
First. _The strain passes from zero to — 17 120 lbs., then returns 
to zero, then to + 17 120, and then back to havi having passed 
through a a total range of 68 480 Ibs. 
ss Second.—The strain passes from zero to — 34 240 and beck to zero, 
or again over a range of 68 480 lbs. 
aed Third.—The strain passes from zero to — 47 ms and back to — 
25 680, also covers a range of 68 480 “Ibs. 


— 
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&g 
-It is surprising to find the author saying that many engineers 
= 
two points ? If so the writer desires to go on record in protest. 
— 
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piece passes, which, in this case, is 68 480 Ibs. 


Sun: CE. _The writer cannot agree with Mr. 
- the author that the experiments quoted form a sufficient basis on 
pes which to establish | a formula for bridge work. In n the bridge —_ 
under ‘discussion, it is assumed that the metal is not strained 1 up to 
= elastic limit. There is a factor of safety to roid it well “isthe 


the ‘author, however, in the dead- unit strain 
“the live load, and is. also thoroughly i in accord with him in making» 
provision to proportion the riveting according to both dead and live- = 


>. In the specifications, the limit of 5 ft. for the spacing of stringers 7 «oe 
a deck-plate girders seems to be too narrow, and in standard-gauge ; 
track would bring the rails. directly over the stringers. better limit 
_ The author, besides rating the live load at twice the dead load, 
_ provides for impact, on an arbitrary assumption, and the writer } Con 


 siders that with the proposed wait strains, impact will be sufficiently 


_ Although alia for certain w ind pressures, the author does not : 
state which should be considered as dead orliveloads. 
aves In regard to rivets i in tension, the author prov ides that the rare ' 
should not exceed one-half of the limit allow ed for shear, v which may 
& seem a low enough limit; but would it not be better to make no al- — 
_lowance for rivets in tension, and make any details requiring them 


subject to ‘approval ? ? in tension con- 


7 oes The author provides for a single unit stress for the pressure of the 
ler _ To be logical, this should also be expressed i in terms of f the 
The minimum limit of 4 ft. between ‘stiffeners in plate ‘girders, 

"specified by the author, would prohibit stiffeners over the bed plates 


pointsoflocalloadings§ 
et The « author’ 's requirements f for steel are too low for such pieces as 


pins, eye-bars, ‘roller bearings and sliding | plates. Steel for such 
members should have an ultimate strength of not less than 64 000 
= + 4000 lbs., with an elongation of not less than 25 percent. = 
The writer does not the clause: ‘‘ When bolts are used 
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abe This coincidence does not tend to prove any theory of work, but Mr. Cooper, — 
rather to show the probability that the elastic capabilities of this ‘ 
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will be allowed between diameter of pin hole of more 
_ The writer would suggest that specifications for painting net ae 
provide that all painting be done under cover, and that no work be al- 
. _ lowed to leave the shops until 48 hours had elapsed fr | the ti time of 
the application of the paint. Bridge work is often loaded on cars while © 
the paint is still rom and the writer has heard of its being painted 


7 - getting, it would seem to be a good thing for all inspectors to report big 
in detail what mill and shop errors are found during the manu- qe 
of the work, and | suggest a 


and impacts is in an eundition. 
state of affairs is the natural result of a quite prevalent inclination — Mees 
among students, engineers and contractors toward availing 


"whenever they please, and embodyi ing therein such individual 

as may give the appearance of originality. 
_ No one person, acting alone, can ever hope to bring about 7 

degree of uniformity, so long as ‘this prerogative exists, and so 

; long as the conditions involved are not so much questions of fact, but 
of opinion, where each individual believes his own dicta to be about as a 


good as another’s. Engineers will not, therefore, acknowledge any one 


‘Specification as being so far superior to all others as.to be specially as Ai 
worthy: of general adoption, and the much-desired uniform practice 
can be attained, if at all, only through the recommendations ofa body 4 
of representative engineers who are willing to waive their own indi- E . 
-viduality for the sake of uniformity. It is now time that a 
ie such men should be appointed by this Society, men who have the a 
« of both and contractors, becanse the exist- 


layman an unsettled condition which, “to say the least, is not credit- = 
An engineer, when compiling specifications, should not lose sight 
ial oof the fact t that two interests, namely, those of the railroad company ee 
a and those of the manufacturer, are. are so closely blended that good and ae 4 
economical structures are not likely to be obtained unless both sides a 
considered. If written from the standpoint of the engineer 
good bridge m: may but an excessive cost. written from 


— 
a 
| | | 
ie ce a9 In order that there should be satisfactory inspection, and that the aes a 
| = | 
— Ps 
Grei 
— 
— ‘ 
— 
— 
: 
= 
. @ 
— 
| 
| 
| 
| 


the of the cheap shop work Mr. Greiner. 


i. =: be the primary consideration and the bridge may lack all other quali- ‘ci 


ties. Substantial and economical struetures are demanded by the 
Sa railroad | company, and every specification should aim to embody both 


of these features. The author states that his’ specifications are written 


f 


specification should be explicit. It ahoula not 
- cision of the contractor such important details as floor beam and 


stringer connections, least of posts and | bracing, and ¢ 

the limiting ratio of - There ‘many ways connecting floor- 

~ nee. _ They can be riveted to posts entirely below the chord pins, | fete 


or above the chord pins with lower flange above the heads of eye-bars — 
or with lower flange b below the heads of eye-bars and on the line with — a 
the bottom n of posts and connected thereto by means of ‘plates which 


_ will furnish a connection for lower laterals. Floor beams also may te 


; suspended by single or by double yoke hangers, by eye-bolts or i 

plates. ‘In deck bridges they may rest upon the upper chords, or 
be _ riveted to 0 posts below the c chords. Stringers may rest upon ee 

upper flanges of floor beams, may be riveted to the of 


floor beams, or be both riveted to webs. and rest upon substantial 


brackets. ‘nee all sizes and thicknesses of angles are rolled, the con- 


tractor should not be the one to decide whether end-connection angles fe 
of stringers and floor beams should be 3 -or in. It has been practically 
- demonstrated that some of the above <eaadn are better than others, ei, 
_ but the author havi ing given no preference for the best will, therefore, i 4 
F The lateral bracing u used a decade ago in spans ranging from 


square foot; in ‘fact, a through-truss bridge would collapse ‘under 
alight | live load in a perfec t calm, if the lateral bracing should be 
taken out. The | primary object of lateral bracing i is, therefore, to tie 
A ‘the structure together, to resist deformation under the action of the © 
live load, and to eliminate lateral vibration as much as possible. In — a 
order to obtain these results satisfactorily, lateral bracing should bear ie 
some relation to the parts s which it holds together, and should be : some- af, 
ow hat more substantial in a bridge carrying 138-ton engines than in one 
carrying 90-ton engines. The theorist cannot estimate the amount of 


_ material necessary for these primary conditions, nor can the 


serv vice. ' The least ‘amount of ‘bencing to —— in any case is, , there- 
fore, a matter of judgment based upon field observation, and a 


: a which aims at good results should fix definitely the 
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i designed for a 50% increase in live load. This bracingisnot put intoa 4 
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Mr. Greiner. least amount of bracing required, no matter whether the wal blows 


with a pressure of 30 lbs. per square foot or not. 
= ie ‘ i Some provision should be made for elev ating the outer rail on curves, a. 


ae woes at this can be done i in a variety of ways, some of which are good, but a 
not have the peivil of raising “piece under 4, 
the outer rail, which he will pr obably do unless the engineer specifies — < i 
A specification should be consistent. If some of the best types of « ha 
bridge trusses are to be barred “out because they have ‘members sub- 
x. jected to alternate stresses, there is no necessity for describing i in wine 
_ tail the manner in which the sections of such members are to be 
determined. If a unit stress of 1400 Ibs. is permitted in cross- ties 
_ resting upon stringers spaced 7 ft. apart, why should this stress be ae en 
- duced to 1 000 lbs. when the stringers are a few inches farther apart? | a 
_ As the writer understands, operating machinery, including gearing — oe 
and wedges, is a part of a certain type of bridge, and is usually made —«_—- 
cast steel. Why, then, should it be specified that the structure shall 
be wholly of rolled steel and wrought iron; and, ‘if ‘such a structure 
- must be made e wholly « of rolled steel and wrought i iron, why specify the 
quality of cast iron? If the specifications are for ‘‘steel railroad a 
bridges” as given in the title, what is the use of describing 2 z 


i 


ah 


for finding the increased pul in a column, due to flexure, in cases a 

where the member is subjected to alternate tension and compression, th F, 


_ and states that this increased stress is to be added to the tensile stress, 
= 


the resulting unit stress not to exceed that specified for live load. i 
* not positively clear whether he intends to use a tensile or com- 
pressive unit stress, as both are ‘specified for live stresses. the 


ordinary column formula 

P=. 


is s sufficient to provide for compression n alone, ar and the ordinary 


_ Stress for tension awe why should it be necessary to increase the — 


= stress i ee and then add the two « areas thus found for the r om 
quired area of the sections. 
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There should be no ambiguity or uncertainty concerning column 
= 
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‘eae oe a maximum tension makes the maximum compression neither more nor 
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CORRESPONDENCE on “BRIDGE SPECIFICATIONS. 
_. There are provisions in these specifications quite at variance with Mr. Greiner. 
a the writer’s practice, but a as they are mainly questions of opinion, dis- a 
 eussion would be useless. Personally, the writer has more confidence 
ae in physical tests than in chemical analyses, and believes that a better — 
_ knowledge of the quality of the steel can be obtained by punching, _ 


drifting, cold, hot and quench-bending tests than by the most careful b 
; _ chemical analysis. The analyses indicate physical properties not 

always obtained, while severe physical tests demonstrate practically _ 
whether or not the metal is good, indifferent or bad. The writer’s 


practice is to limit the phosphorus only and to ‘rely on the physical 7 


once more to a discussion of the conclusions to be drawn from 


Wohler’s famous: experiments and later ‘ones of a a like general char- 
‘ acter. The subject has been presented, however, from a somewhat 7 
- novel point of view, in that the author attempts to account, on — 
_ rational grounds, for certain coincidences which, so far as they have _ 
been o chonwes at all, seem to have been regarded — heretofore as as purely I. 
Ih pa to first determine independently how nearly the approxi- 
constancy of what the author terms the ‘‘ equivalent dead load” 
2 (Max. — Min)] might be borne out by Wéaler’s results, the 
writer was led to undertake a careful examination of all accessible 
- litera rature on the subject. 7" In this examination a number o of important _ 
errors and disagreements were discovered, which the writer thinks 
_ may well be brought to more general notice. They are, in heeded r* 


the most part, pertinent to this discussion Vin 
 Wahler’s summary of stress limits, within which rupture was 


produced after a vast number of repetitions, as quoted by 
is as aie, 4 in terms of centners per German square inch: 


Wrought Iro Tron. Pheenix axle iron, in 1857. < +300 
(+5000 


700 

+800 +400 


+480 
oe ith the exception of the test on wrought iron, between the limits 
+440 and +240, these values were obtained | bending 
the modulus of rupture. being computed by | the common formula for 


——-Epoar Mansone, M. Am. Soe. C. E. — This paper opens the way Mr. Marburg. 
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Mr. Marburg. The above quantities are given also by Spangenberg,* with the 


of the following shearing values, computed from torsion tests 
on cast ao, by the common formula for torsion: aa res 
IV. steel (cast) . —220 


these last two tests, failure did not ensue fter 23 850 000 


100 000 repetitions, respectively, 


The foregoing values, reduced to pounds per English square inch je me 
a. - are collected in Table No. 3. In the last column the values given in rs 
Engineer ingt for cor responding tests, as quoted in part by the author, 
TABLE Se. 
> 


eur STRESSES. VALUES FROM 


Minimum. Maximum. Minimum. 


ak 
rought iron 
(+45 700 


200 

—29 960 


 . The veins 35 310 for wrought iron, as given in Engineering, is ap- 


parently a typographical error, as will be 


s from that journa 
applies also to Unwin’s tables. 


Fatigue of Metals,” pp. B and 
t Vol. xi (1871), p.397, 
tIn Engineering (p. 200) the value of the German centner is placed at 118 436 Ibs. 


- English, for which the writer can find no authority. Its true value seems to be 110.23 
- Tbs. Eni lish (50 kg.), as given in the Table of Weights of the ‘ ‘ Standard Dictionary,” ~ al 


in the lish translation of Spangenberg’s “ Fatigue of Metals” (p. 12). The metric _ 
a ( grams) has been the commercial standard of weight throughout Germany _ 
only since 1872, whereas Wohlers experiments were made at Frankfort between the years _ 4 ‘ 
1850 and 1870. However, the metric pound has been the legal standard for customs since vy 
1840, was adopted by the railroads in 1851, and its use became more and more general 
until 1872, when it became the universal standard throughout the empire. e old 
Prussian pound was to 467.7 grams (Johnson's and Brockhaus’ Encyclo- 


peedias). While 110.2 S. appears to be the probable value of the centner quoted in ety 
these tests, the question here is one of relative rather than absolute values. tae 
German inch is equivalent to 1.0207 Englishinches. 
English Testing of Materials of Construction.”’ Unwin's values (in gross tons per ig 
ish square :nch) seem to have been taken from Engineering. — The wrong 
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The value 35 310, which has been. designated a ty error, Mr. 


a doubt. That it is a misprint is ebveated, not only by the agreement of 
values (31 200) quoted by  Bauschinger and Span- 
 genberg, but this value is given also by Wey eyrauch. * * Moreover, the 
error is indicated by the context in Engineering, i in which Wohler’s — 
reason for adopting 31 200 (given as 32 100) is set forth. For pre-— 
_ cisely the same reason the value 34 240, assumed instead by the author, 7 


appears inadmissible, namely, that the tension tests resulted in rup- 


ture under this load. Wohler’s v value was derived from the bending 

The quantities Table No. are all correctly given by Professor 

- §. W. Robinson, M. Am. Soe. C. E. st with the exception of the third 


ey -yalue for wrought iron, which he placed at at 41 600 (400 centners) instead | = 


apr of 45 700 (440 centners).. This error is apparently attributable 
“misprint in the translation from Spangenberg. 

_ Concerning the strength of the three materials named, under static 

‘tele, there appears to be considerable uncertainty. Bauschinger, 
_ quoting directly from Wohler, places the average: tensile value at 445, i 


| i. _centners (range 440 to 450), or 46 300 lbs. it is not clear how this can can 


be reconciled with the higher initial stress of 49 900 Ibs . persquare 
(480 centners), repeated 800 times before rupture. Presumably 
_ the great rapidity with which the stresses were alternately developed : and _ 
‘3 released did not allow a sufficient time interval for rupture ata single Me 
- application, even for loads somewhat in excess of the static strength. _ 
The static tensile strength of the steel axles, Bauschinger places at : 
1.040 centners, or 108 100 lbs., and states that he is unable to find this a 
factor for the spring steel in Wohler’s publications. 


ow eyrauch quotes for static tests on Phoenix iron, 57 200 Ibs. (4 020 — 
kg. per square centimeter) in bending, and 46 800 lbs. (3 290 kg. per 
J square centimeter) in tension. The value, 46 800 lbs., agrees with the f 2 7 
f upper limit (450 centners) given by Bauschinger. The considerably 
value found in bending may be attributed to the inaccuracy of 
the common formula of flexure for stresses exceeding the elastic limit. _ 
The static strength of the axle steel, Weyrauch places at 104 400 lbs. eo 


Conceraing the static strength of the spring steel, Weyrauch 
writes: ‘* Wohler found for this steel in (static) Rending tests t= 


In Engineering the following are the experimental values 


tension under staticloads: 


* Given as 2 195 ke. square centimeter, and pp. # 
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The correct value, 440 centners, a rs on pp. 18 and 43, but, though a misprint, 
ae § Whether for tension or bending does not appear. The former seems probable. : : a oer 


pa Krupp axle axle steel (supplied in 1862).. + 112 350 average, 111460 Ibs. ra s 


_ These ) averages, corrected for the error of about 3%, 
the above data, Table No. 4 may constructed. 


Authors. 
| Tension. ‘Bending. || Tension.| Bending. — 


The values in Table No. 3 and the probable values in Table No. 4 a 


may be combined in Table No. 5, , according to the — adopted by 


Livestress, | Dead | Baulvalent dead 


* 66 400 (bending). 
200 * 62 400 
4 700 (tension). al 


i 


Wrought 


; 


& 


‘Spring 


ca 


62 400 | #124 800 oh St. 
(68 600)) (189400) 
414 400 “ 
116 400 (bending). 
99.800 


130000 
108 100 


=> 
91 600 (shearing). 


85 400 
{8 100 (tension). 


— 


conn espONDENCE ON 

7 
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46 300 46 306 x 
— 57 200 57 2K 
fe: = 72 800 ng). - 
983 600 62 400 200 
H-104 000) | (+. 68 600) (85 400) ‘ 
— 58 200 
— 200 + 36400 | 46800 | 36.400 4 

22 900 — 22990 45 800 Sed 


= 


; 
CORRESPONDENCE ON BRIDGE SPECIFICATIONS. 
The fifth set of results for II, enclosed in parentheses, corre- Mr. Mar 
: _ sponds to the author’s set No. 2. The reason for its exclusion by 


‘Wobler i is not apparent, except that the 1 result anomalous, ¢ com- 


-_yepetitions (19 673 000) is about half as grent as for the remaining — 
oe sets. ts. The ‘Tejection of the third set of values : for wrought i iron, — 


warranted, for in this case there were 4 000 000 repetitions. 
ie The static strength of the axle steel (108 100) appears only for | 
e tension, and is probably lowerthan for bending. The static strength 
in shearing for Group TV (85 400) was estimated by multiplying the | 
above value found in tension by 0.79, ‘this being approximately 
the ratio between the shearing and bending values, as may be seen | 
from a comparison of the first two sets in Groups III and IV. This 
The values i in the last column, 
"distinguished by asterisks, are 
ae those given by the author, after - 
From a review of the quantities * 
in the last column, it appears: that 
the ‘experiments g give no indication 
of a law by which the sum, Min. i 
+ 2 (Max. — Min.) is even approxi-— 
- mately constant for each of the [ 
i several groups. Although, as the ? 
author observes, Wohler’s results 
for Groups I and II “are more 
complete and satisfactory than the 
others,” they deserve to be so « 
regarded (especially Group II), by reason of their range, and because Me 
the metal in Group I was forged wrought iron. . There i is no apparent — 
reason, however, for considering the individual results in Groups III - 
and IV as in any way less trustworthy, much less for disregarding — 
them entirely in an inquiry of the kind instituted by the author. == 
Again, it is to be ye remembered that Wohler’s | results are at best 
Bs rather loose approximations. — The difference between the load by 
which rupture was not produced after many million applications and 
‘Se. the next higher one which caused failure was frequently considerable. — 
‘The true value is an intermediate one whose magnitude can only be - 
onjectured. The reasoning applied by the author to sets Nos. 1 os. Lend 
5 is no less applicable to set No. 3. 
whole situation is clearly shown on the diagram, Fig. 5, drawn 
the method of Weyrauch. The ordinates from the 0.0 axis 
the straight a b repret inimum stresses. The correspond- 
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_ Mr. Marburg. ing maxima are laid off along the same ordinates. The i: e 4 
— values in Table No. plotted by placing the static strength for each 
; a of the several groups equal to2u. For - Group I the s static value in 
bending was used as a basis.* In: some cases several values are coin-— 
‘dee or sensibly so, of which the diagram gives no indication. The — 
arrows connecting two plotted values indicate the shifted position of 
the point in question by considering the the next higher load which 
caused failure. The true value lies somew shere between points thus 
connected. For Group III the data were not available. 
To exactly fulfill the law suggested by the author, all points — 
: should lie on the line d c, for stresses of like character, and on cd for 
rev ersed stresses ac tual ure e from such a law i is, however, 


“ta 


“Min +2 ae. — Min.), the true difference betw een the value of cfor 
any given experiment and the hypothetical constant value 2 is twice 
as great as the vertical intercept between -beor cd and the point 
which marks the experimental v alue considered. =. 
_ However Wohler’s results may be viewed, they admit of no infer- <> 
7 ences concerning the ‘‘ ‘theory of work.” In the absence of records of 
deformations, the remains an quantity. Itistrue 
7 = within the elastic limit, a load suddenly applied, without im- 
pact, develops theoretically twice » the ur unit stress | produced by the 
_ same load gradually applied; but even within the elastic limit ae ae 4 
law can find no application here. It is to be remembered 
;.4 that Wohler’s tests were not made by the application and release of — 4 
oe known loads, in which case th the stresses would have varied w with the Ne 
oS rapidity « of the operations, and would have been different above and — 
- wg below the elastic limit, with other conditions constant. The apparatus — 
Was, on the contrary, so adjusted by means of calibrated springs that 
stresses themselves remained sensibly constant. This distinetion 
Again, there appears to be no ground, in Wohler’s experiments, or 
7 any others known to the writer, which would tend to cast doubt, or, a 
the author asserts, ‘‘entirely destroy the theory of the perfect elas- — 
of metals,” ‘it being that the accepted theory “within 


{ 


its most triumphant at the hands of Bauschinger himself, 

er _ whose conclusions the author appears to have somewhat misconstrued. — 
By means of his remarkable measuring sppensten—aananny to the ; 
ten-thousandth part of a millimeter (about in.)—Bauschinger 
not only confirmed the correctness of Hooke’s classic law, but he pa 
_ show ed that within the elastic limit the permanent set, as well as the 


* Since this matter has gone to press, the writer's attention has been called to ‘to the 
fact that the static value in tension would have been a more suitable basis, inasmuch as — 
the fiber stresses in bending are within the elastic limit. This would lead toa more — 
marked divergence for this ome. iad the law ope by es author, than is 
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the limit, has been material is “afterward 

perfectly elastic up to the limit of that stress; that is to say, complete _ 
: a, and instant recovery of form upon release of stress is then assured. 
It was, indeed, on these observations that Bauschinger based his — 

os im that stresses within the elastic limit, no matter how frequently 

repeated, ‘could not be ex} expected to cause se rupture. ‘He show ed, more- — 

over, that, through the elevation of the elastic limit, this wastrue 


also, with certain for stresses in excess of the 


y 


certain limit, successive repetiti ions increased the 
so that ultimate rupture became then inevitable. ‘The seeming con- 
 travention of these laws in the case of reversed stresses has been met 
_by Bauscbinger’s ingenious theory, recognizing the distinction between 
the primitive and what he terms the “natural” elastic limit, thus 
showi ing that the apparent anomaly i is but a 


“While the signification of is not infrequently misconstraed, 
and the selection ¢ of this particular term may, in the > light of present 7 


know ledge, have been ill-advised, there a appears to be now no reason- 
» ground for differences of opinion concerning the phenomena for — 
which it stands. _ matter has, indeed, long since become one of fact 
rather than theory. Bausehinger’s 8 investigations s have apparently fare 
1ed conclusive proof that the metal in specimens subjected to 
s _ repeated tensile stresses experiences no sensible change, either in its 
structure or in its subsequent behavior under static loads.t 
= A theory of fatigue involving an assumed alteration in the 
_— sharacteristion of the metal appears: ‘then ai as chimerical as the time- 
worn theory of cold crystallization. The writer does not wish to be 
_ understood as inferring that the author holds any such views, but that io 
they are yet all too prevalent among engineers will probably be ad-— 
mitted. x, On the other hand, a denial of the reality of such a thing a as 
po ‘fatigue "—understood simply as meaning that rupture will be 


under certain conditions by stresses st tatic 


Returning now to Wohler’s tests, the chief interest attached 
; them, in the opinion n of the \ writer, is to be found in the fact that they e. 


*** Bauschinger’s Communications (1886), Vol. xiti, pp. 14 and 


+ In general, the static tensile strength was raised oft- repeated stresses. 
‘The difference, in every case, was relatively small. The endurance tests in bending, made — 
; at the Watertown Arsenal, exhibited, however, in some cases considerable irregularity in 7" 
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arburg. proved (a) that innumerably repeated 1 stresses of ‘like character, ye 

exceeding the primitive elastic limit, cannot produce rupture, and ( 

_ that the safe limit for equal stresses, opposite in character, is far ve 

_ the primitive elastic limit. The former discovery served as a welcome — * re 

reassurance to the users of metal, the latter as a wholesome warning, ee: 

: Ag des spite the fact: that the trying condition o of reversed stresses had, 

it seems, been recognized intuitively by ‘American engineers before 

“4 WwW — 8 announcement, and provided for by various methods. S 


been asbet towar d he introduction of so-called ‘fatigue formulas ” 
— into specifications for structural work. This practice is believed to be 

_ founded on wrong principles. The added labor it involves—in ante 
_ the writer speaks from a somewhat extended experience in bridge prac- am a 


he tice—is to be justified only on grounds of superior scientific excellence, 


i 
4 which claim, he thinks, cannot be satisfactorily demonstrated. 

A writer must refrain, however, from ‘elaborating his views. on this 7 point, ee > 


the contemplated limits of this discussion having already been far 2 

Wilson. M. W M. Am. Soc. C. E. —It is now more than thirty 2 
years since the question of specially prov viding for the effect of ae 


load on a bridge structure, on different conditions from those of dead _ 
load, began to receive serious consideration in America, and mend 

= longer than that (nearly fifty years), since such effect was first noticed. 


‘inn 
i“ The additional strain arising, whether from the sudden applica- 
tion or swift motion of the load, 1s sufficiently provided forin practice => 
ue _ by the method already so fr equently referred to, of making the factor — aE ¥ 
; a of safety for the trav eling part of the load about double the factor of 


safety forthe fixedpart.” 
-€ sit was the custom, even then, to use a higher allow able aoe 


roofs, and s such structures, than in bridges. 
_ Fairbairn,; gives quite a series of tables and experiments to de- eet 
termine the effect of impact, vibratory a action and long- continued | 


changes of load on wrought-iron 
the experiments of the Roy: al Commission on Railway Struct- 
. ures i in 1849, when a truck weighing 1120 Ibs. was run over a pair of = 
a ‘4 light cast-iron bars at a velocity of 30 miles an hour, the maximum _ aed 
deflection was twice as great as when the same load quietly rested on i rar ‘= 
the bars.” ‘* With 2066 lbs. the dynamical deflection was three times cues ) 
as great as the statical deflection. “But the theory deduced from the a 
experiments led Professor Willis to the conclusion that effects of this ae al 
kind, produced by a rolling load, and alarmingly manifested in experi- 


Cra ‘Manual of Civil Engineering,” Third Edition, 1864, A, p. 278 (perhaps also in earlier ae 

Useful Information for Civil Engineers," Series, London, 


Wrought-Iron and Roofs,” 
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ments on on a small scale, would be so greatly diminished w with bridges Mr. Wilson. 
of large dimensions as to be of comparatively little importance.” 
It was, therefore, recognized at that early date that short-span 
demanded more in this respect than those of long 
experiments on bars loaded and unloaded alternately, they 
a found that if the deflection did not exceed that due to a statical load : 
amounting to one-third of the breaking weight, the bars suffered 10 000 — 
repetitions of load without appreciable injury; but one bar broke after 
ay 50 000 repetitions of load; and when the deflection was increased so as cy 
_ to be equivalent to that produced by a dead load of one-half the break a = 


‘ing weight, all the bars broke after a greater or less length of time. ag F te “ 


From these various experiments combined with theory and experi- 
ence, Unwin deduces* that ‘‘ for practical purposes, a rolling load 


= be assumed to be equivalent to a dead load of twice its magnitude,” and — “) : 
__ **(1) The load may be reduced to an equivalent dead load, whose 
‘magnitude will be twice the actual live load plus the dead a 
ad * * * taking ‘‘a limiting stress suitable to a dead load.” Or: 
_ (2) The stresses may be calculated from the actual load, con- 7 
sidered as a dead load, and a variable limiting stress may cinta 


on the ratio of the to the live load. 


would be equivalent to allowing twice as much ‘metal for a given live 
as for an equal dead load, as follows: 


_Compressio 


practice. The | has been to calculate the stresses to 
- the total load as if quiescent, and to proportion all bridges to a stress ey 
lying between the limits which have > Just been assigned for dead and bsg 


_ The writer worked on this basis for short-span bridges as early as a 


aa 1870-71, and it appears to have been adopted by many bridge e en-- za 


aes gineers, and has continued in use by some up to the present day. - 


* Pp. 36-87, same edition. 
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As to the practice at that time, Unwin 
‘Although the method of proportioning bridges just indicated is 
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on, 


Wils Wohler’s published experiments and Launhardt’s formula came 
later, and | were accepted byt the writer | as furnishing more rationa 


yet been produced. Wohler’s expietinentn followed the same line, 


and confirmed the indications of those previously made, adding 


terially to the experience which, after all, is what must be depended 


©, “a upon in such matters. The writer is not aware of any later experi 
we ments or results to disprove them or to suggest different conclusion 


_ The best that can be said of other methods of procedure is that they 
a conform practically, or nearly so, to that of Launhardt. 


‘The first printed | specification by the writer, in which the use of = — 


Lauvhardt’ s formula appeared, was in 1882, although h he had 


Raa 


adopted and used it previously, at least as ‘as 1880, there was no 


occasion for its earlier publication, as all calculations and 


_ drawings for bridges were at that time prepared by him in complete 
shape ready for bidders, of calculation did notenter 
hee is in that it admits the 
value of Wohler’s experiments and Launhardt’s formula, and is an 
effort to ey calculations without departing rarest from the 


results are tin ‘the mend as produced by the method 


by Unwin in 1869 [see 


__ The w Ww viter is not prepared, as yet, to abandon the method he has oe cs 
should a1 any be suggested, showi ing ‘substantial ev idence of being 
_ really better, he would be very glad to give it favorable consideration. 
ON hat is needed is a thorough and systematic series of pepper 
on a liberal scale, conducted by competent engineers with ample a 


funds, to establish by actual a wake 


_ railroad engineer, who does aie oppor tunity to examine his bridges _ 

- and note their action under service, if he is competent in this line of 

work; but to the > shop engineer seldom gets the benefit of 
experience. roughly a agrees: with the author on the 


4 subject of bridge engineers connected with the railroad system, and 
_ @ periodical inspection of bridges by a thoroughly competent, theore- 


“a Transactions, Am. Soc. C. E., Vol. xxvi, pp. 182 and 276. 
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— It may bea curious thing to say, but each bridge, like many other Mr. wil 
A “objects i in animateand inanimate nature, hasits indi« idual peculiarities, 
oe and requires to be studied in its action, which can only be accomplished © 
is by periodical inspections. The engineer of bridges should be entirely — 
C24 competent to do this, to prepare specifications, make calculations and in- 
oe ‘spect m material, even if he does not actually make the designs, and to act 
as an expert for the railroad company in all matters connected with his | 
_ department, including the criticism and reporting on designs and details _ 
e of bridges that may be submitted in competition by bridge companies. — 
The writer has never been able to understand why engineers have — 
oe so much fear of the labor involved in the use of Launhardt’ s formula. : 
in A table of wo orking g stresses, such as as Table No. 6, w , would go far tow: ard b' 
a relieving such apprehension. From this table the required sections are _ 
_ calculated. The details are ‘then designed directly from the sections 
of the connected members; for instance, the bearing on pins w ould” 
equal | one and one-half times the total s section of the member, ete. 7 
For compression members the per rmissible stress. thus found is 
reduced to allowable working stress by multiplying by the percentage — 


given in Table No. 7 for struts. The form of this table is peoutinnty 


dapted to labor saving. The value of is quickly found; 
the value of S 3 is found to be s appr oximately constant for each different ¥, 


shape of cross-section, as shown hes the notes attached to the table, — 


although where ace urate results } are required this value is usually 
calculated by y working out the moment of inertia of the actual section z 

of the member (particularly for upper chords and vertical struts), the 

value ofr’? being deduced intermsof @ 


i Fe The application of the proper formula | by the use of the table then ) 
The w riter heartily agrees” with who would 
simplify the labor of calculation, provided equally reliable results are 
Es obtained—results that can be depended upon—but he has seen engi- 
&. Fe neers, , otherwise trustworthy and competent, fall into grievous omen 
es the use of shorthand methods of computation, w here a little care h 
would have saved, not only reputation, but -_ an immense amount — 
of annoyance to superior officers, 
_ The writer notes the author’s remarks on the subject of elevated 7 7 
alt ays and large railway tern terminal _ approaches, where the passage of of — 
trains i is almost and agrees such conditions require 


in such cases oats dates back in America for cialis a nasal 
years. Suburban travel has increased enormously during that time, 


designed on first- class sp 
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Lwin. suffer and wear out under the of the same 
load which they receive when placed in such locations as mentioned. 2 
4 The writer desires to mention here for the benefit of the pz Profession — 

an. experience with pin-connected triangular trusses, having alternate 

compressive and tensile stresses in the same members, and acting under 


continuous service as here spoken of, which would lead to the 


: a pins to revolve i in rs so that they were worn out very rapidly in pap 
grooves under the bearings. The pins were calculated on the most liberal — 
aa allowance for shear and bending moments, according to modern require- — 
3 ments, and the result would have been hard to believe had it not been i. 
seen. — The writer has seen pins in old bridges of the Linville type, of be ; 
_ diameters very considerably less than the present specifications would 
allow, sustaining severe bending stress and certainly much overstrained * 
_ (this strain being only in one direction), and standing up to their work — 
. perfectly well without showing in the least such wear as above noted. — 
es The writer agrees with the author that it is the live strain which © 
_ causes loose rivets, and which wears out the bridge. 
Se _ All riveted connections should have plenty of rivets, and they 
“ should be be tight. This shows itself forcibly on ae 
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TABLE No. 7.—Strenero or Wroveut-Lron Srrurs, PENNSYLVANIA RAILROAD SPECIFICATION. 
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CORRESPONDENCE ON BRIDGE 
E.—It was not the purpose of 
paper to offer any yibing novel, or unusual, but rather to 
- —— the experiments upon which the fatigue formulas are based, 
- and after making reasonable deductions from them, to outline a speci- 
fication which would embody these results i ina concise and 


these deductions : as any precise or restricted 
of the tests, as it was repeatedly noted that they were too few, and the 
material too variable, to permit of any such construction. To een 


= [Min. 2 (Max. Min.) would be to ‘imply a « definite knowl- 
edge which the experiments do not warrant. . At best, the 2 to 1 ratio 

- for fatigue is an approximation; but, being so considered, it is a better — 

- general interpretation of those results than is any precise formula which te 


use of the Launhardt formula hee long been considered the 4 


firm what had Mona the best practice of former ye —_ it seemed | proper 
_ that the matter should be laid before the Society for consideration. — 
One of the strongest endorsements which any method of — 


4 can receive is the fact that its general features have been long in vogue, a 
- = and if, in | addition to this prolonged usage, it may ‘be shown that the 
_ most accurate and scientific experiments yet made upon the resistance 
os materials, serve generally to endorse this same practice, it will be 
an additional confirmation which should serve to establish the system. ee s 
That the formula should have received so little ‘defence 


unreliability i is most fully shea after reviewing the ‘method of ; 
‘The table comparing the sain of the formula with those of oil: 
periment, as published the translation quoted, was as follows 
German centners per ‘square inch*): 


Formula. . 500 | 800 900 100 


It will be seen n that i in four ¢ cases of five the results _agree 


To reduce to to per inch, as per Engineering multiply by 


— if 
— 
— 
—— 
— 
— 
: 
— 
extensively introduced in general practice. When the review of the 
experiments upon which this formula was based showed its incon- 
a 
f 
defence can be made. Mr. Wilson’s request for further experiments 
before discarding the formula would indicate that he has not fully 
viewed those already presented. The results of these tests alone, 
| 


> » 


interesting to know by what higher it was 
Weyrauch. It is also important to know whether 1 100 centners rep-_ 
resents the weight at which the material broke, or the maximum load i es 
under which it did not break. Ine either case, the length of time the 
: test piece remained under strain, as s compared with the other duration 
tests, is important. It is evident that if sufficient time is allowed | - 
receive the advantage of Jadicious cold- -drawing, the ultimate 
strength will be materially increased. The ) table, corrected and re- 
to English equivalents, is shown on page 147. 
_ From an inspection of Set No. 1 of spring steel it is ‘apparent 
3 : on the value 53 500 Ibs. (500 centners) is too low, and that a weight a 
~ between this and the next higher (64 200 lbs. or 600 centners) would Pe 


have b been sustained indefinitely, 
A change in either the value of (500 or that of ¢ (1 100 
-centners) would be sufficient to change the results of the Launhardt 
formula. — _ Since one of these values is undoubtedly erroneous, while 
the other is very questionable, there seems little excuse for its further 
consideration. The fae that (500 centners) is less than one-half 
1 100 centners) i is a further indication of abnormal conditions. 
-~ The confirmation of this formula would therefore appear very 
unsatisfactory, but the manner in which the formula was derived is 
oven less convincing. i The statement that the working strength is a 
tion of the liv e strain is the most vague and indefinite conceivable; 


| 


an arbitrary value which will fill cortain stated conditions might suggest it a 
Bat al Although the Launhardt formula fails, the theory of fatigue hes ; 


Ww with more e general a acceptance | than w 


that that within a ce certain ‘range of notion (which the author 
"range of work, power of work,” or endurance), the elastic 
4 of the material may be measured in hag of strain, and he includes Shins 
- in this cycle the sum of alternate strains. This is precisely the a 
which the author intended to convey, slhéugh he did not adopt me 
word ‘‘elastic ” because it had been formerly 1 used a different in- 
Mr. Schneider more ingeniously adopts directly i definition of oe 
yield point, or  Bauschinger’ s limit of uniform elongation for his 
definition of elastic limit 0 overlooking the fact that the 
es original theory y of perfect elasticity required not only that the material De: 


elongate in direct proportion to fe amount of — strain, but also 
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Geoman. that t it recover completely its original unstrained as soon as 


__ It is due to the fact that ‘after rest,” as Mr. Cooper has happily 
™ expressed it, the material returns ‘*‘to its original form,” that the term 


fatigue hus been used. It is analogous to the condition of animate — 
nature, which i is capable of doing a certain ‘amount of work, provided S BS 
its 1 range e of action is not exceeded; and even exceeding this range Or ee 
limit, it will recover, after rest. The instance of the fishing snells, 
mentioned by Mr. Waddell, illustrates its general acceptance, and bar- ee 


bers bear similar testimony in regard t to their razors. 
Professor Johnson's theory that the true ‘explanation of fracture 


due to the development of micro-flaws rather than to fatigue might be | a 
tenable if the experiments had all been made on homogeneous steel 


andthe results had proved less uniform; but since fibrous wrought 
iron was used, in | whie h micro- flaws do not develop, and since the baat 
: results of the tests on n spring steel ar are comparatively uniform, while sy a 

the development of micro-flaws is generally confined to a high sulphur ta: | 
steel, is more rapid in hard than in soft material, and does not show © al 


any uniformity in results, the micro-flaw theory does not appear to be vam i 
Soon after the publication of paper, a a statement appeared in one 
of the technical journals, that since the allowable unit strains are 
- 4 within the elastic limit, there is no necessity of considering fatigue. — od } 
=4_- _ Several discussions have followed the same suggestion. . Such astatee | 


ment violates the fundamental prine ciple of scientific bridge construc 
ri tion. 2 A well-designed bridge must be as uniformly economical as a 
 — life and absolute safety will permit, and there is no more aaa 

reason why the dead strain should be a ratio of the elastic strength — Iie aie 
than that the live strain should be a ratio of the alternating strength. 
ie It is not merely 1 necessary to build, a safe bridge.’ ‘Such a bridge may 
‘ = be constructed by the selection of a uniform allowable strain based 

a 4 solely upon the alternating strength, but it would be a a design which 
Tt is trae that bridges ar are not built to fail, but the enna design ra 
of bridges has the point of failure constantly i in view, not merely 
be purpose of avoiding it, but for the purpose of uniform economy 
factor of safety is selected to cover contingencies 


_ which may exist. Where the strains are defined and the contingen- ey 


cies are possible defects in material and workmanship, this factor is 
z pee 3, and provides that only one-third of the full area of the mei: a 
member may be relied upon as perfect when compared with thy 
results of a test specimen. While, , therefore, the 1 material may receive 

. a nominal strain of 18 000 lbs. or more per square inch, estimated on 
Ms total section, it is supposed actually to be strained close to the 


strength of some unseen imperfection. It is is this: 
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— 
— 
— 
— 
— 
— 
3 


iad 


CORRESPONDENCE ON SPECIFICATIONS. 


“section, ays and ever” to whieh: the bridge is Mr. Seam: man, 
designed. This is economical bridge construction, andanything short 


oof it is a crude approximation, wastefully expensive in proportion as 
ne the light of experiment ai and | reason is hidden, and the impulse of arbi- yo 
and unreasonable precaution or or dictum is followed. If the factor 


a safety is assumed too large it should | be reduced, but advantage ak 


Furthermore, it is not merely the construction bridges which 4s 
must be considered in 1 outlining specifications, but also their mainte-— 

nance, since it is here that the closest study of existing conditions is — 
required and for the lack of which many efficient bridges have been — 


consigned to the scrap heap. When the the overloaded structures of im- 


>> 4 


2a pov erished roads are to be muintained to the extreme limit of absolute 7 
safety, it requires a most careful consideration of the capabilities 
the material. The experience of Mr. Fowler in deciding upon the > 
it final life of a bridge but illustrates the responsibilities of many others — 
= in similar positions. It is a very easy matter to condemn a bridge, 


‘bat not so easy to maintain it to the final limit. In such cases 

The statement that a table for impact complicates an otherwise 

es: simple method of dimensioning is, unfortunately, true, but unavoid- | 

id able. Several years ago, after reading the paper on ‘Stresses in 


Bridges,” by Wn. H. Booth, M. An. Soe. C. Ez, the author vunder- 


4g theoretical investigation of the effect of impact, upon the 
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the time consumed i in its. The formula _ 
ow was as a probable representation of the ‘effect of impact. 
- When the present paper was written, the notes upon which this form- few. e 
ula was based had been lost, and the formula was, therefore, replaced is i 
_ by the table, the values of which will be found to 
curve of an ellipse, as shown in the diagram, Fig. 
The formula indicates that impact will be much increased for 


; short spans and for first panels of long spans. The diagrams of pi ae 


taken, both by Professor Robinson and by Professor Turpesure, 


the impact for short opens. was that the 
would not record the results correctly give 
for short spans as well. 


giv en by Professor - Robinsont at 50 Turne 
to 80%, with one test on No. 13 33 per cent. 
_ fessor Turneaure also states that the total impact (including v bration) oe 
7 ‘ on spans of 50 ft. and less, may be taken at 40 to 50%, and decreases — 
rapidly to, say, 25% for 75-ft. “spans, owing to cumulative effect 

remain approximately « constant for longer spans (to 150 ft. or 

more). adding Professor Turneaure’ s constant for oscillation. (ony 
; 7 * 3026) to the values of the table, it will be found to give 50% for 20 ft., 


ha a though impact experiments are extremely rough and approximate, the Vee 


confirmation is of especial interest. . It will be inte eresting to note wha what 
"subsequent experiments may show on spans under 20 ft. in length. a es: 
i, The statement that the present specifications were written from the — 
standpoint of the railroad company, rather than from that of the 
-marufacturer, has elicited criticism, but: it is not clear upon what such 
criticism is based. A bridge « engineer, with training in bridge shops 
and experience on maintenance, should be able to weigh the cost and 


value of various shop requirements and to specify what is most econo- E 


‘mical to the railroad company, as the purchaser and user, rather 
than to the manufacturer as the seller. An instance in ‘point is the ers: 
‘chemical analysis. The manufacturer’s specifications permit 
phosphorus for basic and 0.10 phosphorus for acid steel. The re- 
7 quirements of 0.04 phosphorus for basic is almost universal with rail- 
and may be obtained without extra cost. 2 
‘The question of ing the typical engine of ‘specifications by 


40% for 40 ft., 379¢ for 50 ft., and about 30% for 75 ft. or over. Al- 
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such a radical change in a specification should be the 
= work of a committee, if one should be appointed, rather than that of e - i’ 
ete an individual. The proposition a appears to be a practical one, and has 
been adopted by some roads,+ but there is a strongly stoner 
feeling that where the typical engine differs from the equivalent load, 
the latter conforms more closely to actual conditions, and should be 
i retained. The author believes the difference is | so small that the = 
ot would be a , acceptable for new work on account of the greater 
_ The reference of Mr. Snow to the importance of making structures — 
“rigid a as well as strong deserves the greatest emphasis. — Itisthis feature 
which makes the plate girder the best railroad str structure in service, the __ 
- riveted lattice truss next, and reserves pin- -connected W work for long 
_ spans where the dead load is sufficiently large in proportion to the =i 
live to give the structure rigidity. The dead, or initial, strain in any 
‘member s should be sufficient to overcome any recoil from impact 
-yibration of the mov ing: -load, ‘and where the dead s strain is not suffi- | 
cient, provision should be made for a rigid member or for an initial © 
strain produced by counters. The latter method was a r= al 
used in the Post trusses which were often of short spans, with counter — 
rods in every panel. They were apparently as rigid” as the lattice 
‘ truss, and if the same methods v wel rere applied to short Pratt trusses with — 
rigid lower chords, they would probably be found quite as serviceable. » 
= _ The statement that webs of plate girders resist bending strains is 
undoubtedly true, and it is partially due to this fact that the plate — 
girder gives such good s servic ice. _ Properly designed web plates which — 
are bulged, howe ever, were re probably made so in manufacture, and the 
suggestion that webs be made sufficiently strong for collision is one 
provided for by the stiffeners, and which no specification can cover. 
a ea Although the the plate girder is not an articulated structure, the use of ‘ 
i. stiffeners makes it approximately s sO, as described by Rankine, the 7 
a _ web acting both in tension and compression, the former predominating } 
and the latter existing only to such extent as the tensile strains may — 
«Stay the web while acting as a column in the diagonally opposite direc- a 
n. Instances have come to the -author’s “notice where the vertical 


ex: 


strain through the stiffener ‘fractured the support, while the ‘strain 
ss from the adjacent web, which on account of the flexure of the girder 

eat should have been first to act, produced no noticeable effect. Some 

specifications permit one-sixth of the web section to be estimated as - 

2» i _ flange ar area, and it will do this service if it is continuous, but it is not " 7 

an easy matter to properly splice the web for bending, and with rivets _ 


ge in the vertical splice spaced three diameters apart, it leaves but % of — 


Transactions, Am. Soc. C. E., Vol. xxvi, p. 229. 
+ Specifications, Pennsylvania Lines of Pittsburg. ah ‘be 
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Mr. Seaman. the web, or of the total section available for equivalent 
flange section. The clause of the specifications considering the webas 
‘resisting shear only, is in very general use and is a conservative pro- 
vision. In the review of old structures, however, it is pooper and 


_ Customary to make allow ance for the resistance of the web. a 


to oarbitrary that in the pr instance appears 
to be the common practice. The suggestion as to double stiffeners at ae 
points of support is good, whi is not ruled out by the spec ications. 

_ On the other hand it would be required, whenever necessary, to prop- 
distribute the strain. ¥ The proposition to the 5] ing 


explanation of the formulas i in use for the 


to crushing; the latter is based upon the resistance to the motion of | 
_ rolling, and is advocated with the statement that the material of bed me 
plates might safely be cold-rolled. This could hardly be accepted to - 
_ the unlimited degree the formula would permit, and, if carried suffi- : 
7 i ciently far, would r result in the shearing of 1 rivets and general distor- ae er. 
- 4 tion of the metal. Its application seems only justified as an a 
to the use of large rollers, which may be otherwise 


_ by Mr. Morison. A The former i is based upen the resistance of noha: 


‘The he proposition to specify d different for ‘different 
kinds of masonry, such as , concrete, implies that this 


practice, even for highway work every case a proper stone 

_ pedestal block or coping is furnished, which will sustain and distri- — 
bute the applied load of 800 Ibs. per ‘square inch. _ Specifications f for soit 

metallic structure should not extend beyond this block. 

_ _ The proposition to limit the application of the column formula foe 
= from those who have used the straight-line formula, which is * Sees 


ble: to long. columns. The: suggestion that the ends wet riv lattice 
web member are fixed is wend consistent with the statement that the e 
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live load. The latter provision would be for uniformity in the spe- 4 
ification rather than for any resulting effect of these loads, since the 
— 
il: 
3 
the panel point becomes one of contra-flexure, and this fact would give 
a gn initial moment to the web member which would be more nin 2 
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a column under than if ‘the cousection were not Mr. Seaman. 


= 


‘The forbidding alternate | been very eriti- 


and should be restricted to pin-connected members as or iginally 
Was Iti is true that the usual apecifiestions for sliding friction provide — 
_ for a coefficient of 20%, and this may be obtained under the drivi ing 7 
es wheels, but the t usual friction of stopping trains will not exceed 10%, 
: oe the most perfect brake tests on long trains, which have come to — 
the author’s notice, showed a coefficient of less than 13 per cent. 
M Since, however, the allowable strain has been raised, it might be ad- oe 
ain the 20% for uniformity. For the s same reason the 


oe The clause requiring upper- flange plates on all plate girders — 
“chiefly ¢ one of esthetic finish, though it also serves to cover the small — 
r water pocket formed in the flange by the web plate and angles. Where _ 
there is no upper-flange plate, the web may be made fells onl no 
- pocket formed, and for deck girders it is decidedly preferable to avoid  . 
the varying thickness of flange plates, ; as well as the ri rivet heads. ° It ‘ 
would therefore seem preferable to avoid upper-flange plates en entirely, , - 
_ wherever ties rest upon the ; but if cover plate 


‘gehen so finished. It is not uncommon also to specify 
: ‘round corners on through girders, but as these are particularly diffi- 
cult to construct, such a clause may be left to the individual preference - 


objection to open turnbuckles is that they 


would almost a as ‘The author has heard of instances 
_ where sleeve-nuts had the lower thread tight, the upper thread loose, — : 
became filled with water, froze, and cracked, but has been so unfor-— 
tunate as never t¢ to have seen such an ‘instance. He has always wond- 


red the lower thread should always: remain 1 tight, why it did 


5 | 
| 
| 
34 


: not become loose after the water froze the first time, and w why the 
material did not stretch a little before cracking. Neither has he been 
_ able to understand why a sleeve-nut with tight, compact thread, but a 
with body split by frosty nature, s should not be as good as an open 
turnbuckle, with sides opened in ‘manufacture. The e ends of the 
rods may be located by the punch marks, 12 ins. from the end of 


each bar, and, ai deemed necessary, drain holes may be drilled in the 
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"There does : not op appear to be unanimity as to whether or an ‘there 
” sould be tension on rivets, some preferring no tension, while others — 
 elaim they will stand full tensile strain. Both are in a measure right. — 
4 If the rivet holes are perfectly reamed, the edges rounded to { in., and — 
7 rivet heads sufficiently large, there seems to be little reason why a 
steel ne should not stand full tension; but when we consider the | - 
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_ difficulty of obtaining work of this character, the danger of its neglect, ae oe 


even when specially required, and the impossibility of detecting its 
omission in the finished work, the use of rivets in tension is a very 
"questionable practic even though -earefully- -made tests show favor 
ot results. it seems preferable, therefore, to avoid tension on rivets 
_ wherever possible, and in no case to allow more than one-half value. _ 
ole The suggestion | that inspectors should give detailed reports of 
condemnation, etc., , is of very doubtful wisdom. is in 
-_* - teresting an and appears to indicate that the inspector’ s services are valu- 
able, but the custom is very apt to lead to inflated reports and to end-— Z 
_ less conflict in the shops. The report of an inspection firm which | ' 
came to the a author’ 8 notice Was 60 o full of and 


such artificial the author provides that memoranda may be 
_ kept, but no such report made unless called for. By this method, 
temptation to inflate is av oided, and the engineer receives much closer — ‘f 
 €0- co-operation in the shops. Only men who are known to be true _ 
should be employed, and their work should be checked. a In thisway 
_ a much higher class of work is secured with little friction. a Tt is for — ane 
4 the same reason that the the responsibility is thrown upon the contractor 
until the work is completed. The: result | obtained is the criterion _ 
be 
Mr. Breithaupt’ 8 explanation of the distinctive use of the oeiiel oe 
<<stress” and “strain” should be carefully read by all who wish to 
adopt the former term. na The indiscriminate interchange of these — 
words has become very “general, even by the best authorities, and it 
-— try the nerves of those who adhere to the distinction, to see 
such statements as “the material was stressed beyond the elastic — 
limit.” The author’s preference, however, is to use the word strain — 
_ in every case. A. stress is a delicate force, or tendency to force, which — 
hes no place in railroad bridge construction. It should nev ver be 
_ used outside of the class-room, and should be restricted there as far 
as possible. — The distinction between applied strain, and internal or — 
- molecular strain, may be made when necessary by the proper use of © 


the edjective, ona even Rankine, when he suggested the distinetion, 


2 


have foreseen that incongruous combination stress, 
; sheet,” as replacing the good old ‘‘ strain sheet” of former times. 
van The question ae by ‘Professor Merriman as to whether the 
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percentage of impact be to the load or ‘the | strain: may Mr 
aS answered by considering the purpose of such impact allowance, which | io 


_is to provide for the increase of applied load due to sudden applica-_ 
tion. This: is directly proportional to the live strain in every 


ai stance, e even in the case of counter strain, for the live strain is not 
if merely the alternate strain, but it is the total live strain which first — 
oi neutralizes the initial dead strain, and then, still increasing, pro- 
5 duces the alternate strain in the opposite direction. = 
f Professor V Winkler, in the face of “Wohler’s experiments, en- 
- deavored to disprove the results shown by them, it is not surprising © 
that his task has been a difficult one. : If, however, it is their abuse | 
which he deprecates, whether it be an unwarranted precision in : 
their interpretation, or an entire disregard of their teachings, he has. a 
led where others must follow 
rt There is no greater abuse of these experiments than their delib- 
erate misinterpretation, or an endeavor to disparage their results. 
Precise deductions are not warranted, but to limit their teachings to — 
the statement that there is no fatigue wi within the elastic limit is to | 
ie ‘beg the question entirely. . To: state. as Mr. Schneider does, | that 
‘*the elastic limit is actually the ultimate strength,” is to affirm what 


these If the“ ‘elastic limit” of 34 “<i 


| 
4 


“terial stand a . strain, varying | ‘between 47 080 inc: a nd 25 680 lbs 
"repeated indefinitely, without fracture? If the “elastic limit ” “a 
53 500 Ibs. is the real ultimate strength of spring steel, how does the 
material stand, without fracture, strains varying 74 900 
Ibs. and 26 7 750 | lbs. » between 85 600 Ibs. and 42 800 Ibs., , or betw een. 
96 300 Ibs. and 64 200 Ibs., each in turn repeated indefinitely? The — 
statement “that a single strain (beyond the elastic limit) has prac- i 
i destroyed the usefulness of the material, and will ultimately — 


_ Produce rupture, ‘if repeated often enough ” is absolutely without | 


al 


Table 2 No. 1 as published by Mr. Schneider interesting, but 
- would have been more valuable if he had described in detail the 
a method and rapidity of loading, so that the difference between these — 
* results and those of Wohler, or those of Mr. James Howard cited by : 

=, ‘The question of impact has already been reviewed, but ; when Mr. 
Schneider states that his specifications of the Pencoyd Iron Works 
A for 1887 make a distinction between live and dead strains, he over-_ 
looks hi his former claims that he allowed the same unit strains for live e 

and dead loads, merely i increasing the former for impact by formula. 
He is correct when he states that his provision for impact is far in 
excess of that shown by experiment. Does not his impact formula — 


also cover fatigue? The author has so 
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D Athough wind is live strain, it rarely occurs, and the allowable 

dead» strain is permitted. To allow the same strain for = SRY: 

which is rarely, if ever, applied, as that allowed for one which may 

be applied at every loading, would be to lose sight « of the pra ‘practical — 


- The present tendency toward riveted- nation trusses for moderate te) 


large in proportion to the initial dead strain in the n sie though 
4 there are always objectionable secondary strains. The extent, how- — a 
ever, to which the practice of rigid bracing is sometimes carried by = 
_ manufacturers is ludicrous. It is not an uncommon sight to see the 

~ diagonals of trestle bents, or the main laterals of truss bridges, made 
- angles so long that they sag of their own weight, are of no value as om: 


— 


reciprocal o of for mule [> - + ig 


wil, for alternate : strains, replace that C be used in ad- 
dition to it . This method of dimensioning, therefore, is as simple an and we ; 
direct as pam of adding the sections, and i is more clearly rational, — i<_ 


er 16 ins. Ds. W ‘ide is and m ay be. ‘omitted. The p provision 


_ The specifications do not require stiffeners on plate girders 24 ins. ‘: iy 
deep to be closer than 4 ft., unless for concentrated 


‘Terminal cross-bracing plates are properly called batten plates. 
E 7 Tie plates on a railroad are used to prevent rails from cutting into the ae 


ties. It is a common practice to make batten plates 1} times the pees ke 


oid gim- n-crack ” construction are good, “but if the second clause i is 
used, it should read ‘‘ resist compression as well as tension,” since all a arnt 
ae lateral systems tension, and but few resist any com- 


pression. It should also specify the emount of compression which 


freely endorsed, has long avoided it wherever 
ossible, but the plea that bending moments cannot be avoided by _ a 
P 
placing the pin in the neutral axis is not altogether clear, since | = a" Bex 
distance from the center of the ] pin to the center of gravity of the sec - i 
_ tion is a factor of that moment, and reducing this to zero will eliminate oe 


The clause parts te to be assembled in the is usually 
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Eye-bars, properly manufactured of soft require 
_ While it may be true in a restricted sense, as Mr. Morison ag ‘ 
‘that columns subject to compression fail by tension, it is not true in 
the broader interpretation of the condition. A column placed under 
- eompression in a testing machine has no other strain applied, and any 
_ buckling or apparently tensile fracture may be as truly the result of | 
compression as of tension. There o: can be no tension developed in any : 
fiber except by a corresponding i increase of compression in other fibers, 
and this increase of compression must be added to that which is endl 
- ceived from the end thrust. It is therefore probable that there must 
be incipient failure by passing the elastic strength in compression, _ 
before the buckling tak takes place, and this, in fact, would cause the _ 
bue ‘kling. ’ The failure of the column, therefore, is solely andentirely _ 
‘The purpose of allowing different dead and live strains, is three- 
fold: Ist, to provide for any effect of 2d, to io provide 


= 


tos some extent, for future i increase of 1 mov ne over that 


assumed in calculation. — In the first instance it is generally — 7 
a: stood that fatigue exists cate compression as well as under tension, — 
and requires that alternate strains be added. _ Also that when the — 


a Bi metal is overstrained in one direction, it loses at once its power of 
resistance in the opposite direction. the second instance the 

E increased strain due to vibration, and provided for, even by Mr. Mori- © 
son, in the tension members, is transmitted directly to every compres- 

e sion member. In the third instance any possible future increase e 
af 7 moving load affects ev ery member of the structure, whether in tension “ oe 
. a or compression. — _ There is, therefore, no reason why a uniform strain — 


In the statement that plate girders : should be made asnearlyasolid 

as} possible, the author would concur, but he does not share the 

doubt expressed as to the efficiency of the outer flange plates. — No 

rivets of greater length than five times their diameter should be driven, — 

and holes should be reamed perfect, before driving. these rivets 

the holes solid there is no reason‘ why they should not transmit 

strain as well as an equivalent amount of solid material. The practi- 
Sey of this feature is in the re and am in turn, ll 


a ‘should be adopted for compression members while separate strains are 


J 
— 
4 
— 
=A 
flange plates occurs at the 
nt of strain transmitted to the flange 
increment of strain ess of these plates is least. he entire pile by 


ile Seaman. _the time it reaches the center, and the increment at the center of wal View ie 
_ girder is readily provided for by the large excess of rivets which ma oe Bat 

It is somewhat disappointing to find less corroboration in the 


Michigan Central specifications t than was anticipated from Mr. Schaub’ 
remarks. Those ‘Specifications allow live strains at thirds the 
a 


allowable dead strain, and u use the impact formula J = 


: a if L is less than 100 ft. Other than this there seems to be no con; 
practical application of the 2 to1 1882, as 
has been so fully cited by Mr. Wilson; but that fact does not detract 
from the value of Mr. Schaub’sendorsement. = | 


Wright the that machinery, now used for 
res Te 


holes, but the matching is often so imperfect that all ‘reaming 
one side of the hole, leaving the other side untouched. ‘Under these 
circumstances the end sought i is not accomplished and a softer steal 
“ta is advocated. _ The mismatched holes continue, however, and it is 
probable that these machines, now used to remove injured material - 
ultimately be required in all cases to produce perfect work- ag 
The author regrets to have been m misunderstood by Mr. 
4 an advocating the use of the Launhardt, or of any other precise ae |g 
ees formula. The purpose of the paper was to show that no — 
— formula was justified by the experiments, but rather that 
fatigue could be considered in a more general, , though only approx- 


ified for the purpose of removing injured around the 


‘To the inquiry as to whether the same allowance be made for im- 
Sa pact in floor beams of a double-track bridge, as would be provided for 
a single-track, the reply would be the same as for other parts of the j 
struc ture. If If it is possible to load them simultaneously it it 1 may also be be 


d possible to receive the same impact simultaneou | aa : 
The proposition to abandon the intermediate transv erse eae in 
 double-track through bridges has been often urged, but the objections 
to its u use to the author unfounded, and the is adve an- 
is inappreciable, and decreases” the 1 uneven vertical ‘defiec- 
tion, thus tending to keep the floor level under partial loading. The a 
7 _ increased deflection of one truss beyond the other, which results from 
= omission of this bracing, tet tends to increase rather than to decrease — 
any uneven deflection of track. The arguments offered for its omis-_ 
sion apply equally w well to high bridges, with ov pethead sway 
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of rivet ‘steel, is that which will show the 
tion specified can fail to show a satisfactory ultimate strength. There | 
is no objection, however, to its insertion, if preferred. 
the suggestion that be used instead of for surfaces in a 


4 spection. Oil without pigment is not a permanent to 


clause for initial strain in adjustable ‘members, quoted from 

a Mr. Snow, is most excellent, though to those not familiar with its use — 

- it might appear to elaborate a somewhat arbitrary requirement. ee 


ae In Professor Turneaure’ 8 a that the specification does not , 


vibration, , ete., as as ter hat of this 3 ratio. 

— 4 is really necessary to provide for fatigue may be a debatable question, 

but if Professor Tuineaure’s allowance of 30 to 40% be taken and the 7 

60° —be added to the quantities given en in t he impact 
table, the allows ance be found to very  Hiberal. wet 


pertinent, though it should be vemenbered that this force is entirely 
Tete upon the speed, which is variable and uncertain, while the — . 
vertical loads are dependent upon “gravity, which is always present. 
The bridge being designed for maximum conditions, and the item a 

— small though important one, it would be well to make the provision | 
suggested. Sixty feet per second is a maximum speed for heavy | 
4 freight trains, for which the brid ge is designed 
ti Of the ¢ en importance e of familiarity w with shop p practice by de- © 


a Moulton that, as compared with engines employed by railroads = 
Si maintenance, shop specialists alone understand the science of bridge — te 
design, the author would take most strenuous exception. Experience 
in shops, , contemporary at least in part with that of Mr. Moulton, has” 
taught the author that the best designs which ‘‘ manufacturing 
he neers ” produce, are those which maintenance has shown to be most — 
fe serv heidi and which will be found in every case, to conform to some 
sound principle of mechanics. The statement that ‘manufacturers 


know their specialty thoroughly” is reassuring, and if true, 


_ should be no necessity of the shop inspector assuming the functions of 


 aconsulting engineer as Mr. Moulton suggests. The assumption that — 
a the manufacturing engineer has sufficient knowledge for the inspector’s 7 oe? 
“A guidance i is the very danger to be avoided. It might save the reference i. 7 
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the s special ledge of manufacturing engineers to be avail 
able,” explains why it should embody general principles rather than 


Bending and drifting tests have been omitted because they are erude 

comparison with the tests, specified, and are valueless either to con- pith 

or to refute those tests. It is 8 very poor material which will 
: stand the drifting test, carefully made, and such a test is worthless in or 
accepting material, though it may reject it. 

‘The specification for wrought iron is for high- -test material to be a 

used where loop-eyes : or screw- ends are desired. Itis believed that iron 

’ a is preferable i in all such cases, even with the sa same » unit strain, to the a 


corners in re-entrant angle cuts should be avoided, as Mr. 
_ The clause allowing three-fourths value for oblique section betw wall ae 
rivet holes is based upon the decreased power of an oblique resistance, 
vather than upon any similarity to fibrous wrought iron, : 
__- The suggestion of Professor Ricketts that rest ‘‘ equal to the length 1 
of time between trains on a railroad bridge” may ‘Temove any effect of 


depends upon the frequency with trains ar are run. In 


5 nt a greater number of repetitions at the rate of 72 per minute than ‘2 a 
the rate of 18 per minute is interesting. If it takes days toremove 
: The effect of strain, the use of the bridge must be greatly r restricted. | 

The author has already expressed his concurrence with the view oh 
___- precise fatigue formulas are not justified, but he believes that fatigue 
receive consideration in may be subject 
Mr. Fowler’s method of deducing safe strains can hardly be: con- 
sidered an independent demonstration. It is applied in the extreme 
values only, and, therefore, is no more a confirmation of the Launhardt _ am 
_ formula than it is of the 2 to 1 ratio. The method which is sometimes ig 
used i in rev iewing old bridges i is to assume an extreme value for u ‘in Pe = 


= 
4 be considered 
economies of the past few years are not due to any change 
a _ a design to conform to particular shop practice, but rather to the finan- Uae” 13 

stringency through which the country has passed during that 
time. Prices were reduced so low as barely to pay running expenses, 
order that bridge companies might continue to exist. It has 
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Ge ‘The contention of Mr. Snow that Wiahler’s experiments are too few Mr. Seaman. 
to justify any precise formula for fatigue is well founded. They do one mee: 


—— = that fatigue exists, but the exact effect can only be approximated, 
because the element of time is an important factor and has not aaidah 7 


The question whether web members of riveted attice trusses should 
be considered fixed or hinged has already been « discussed, but the sug- 7 
gestion that upper chords “of lattice bridges may be partially fixed 


while those of pin trusses are certainly hinged, calls attention again to. 0} eh 
reason for the distinction. The difference is due to rigidity which 
and this’ een only be 


may be received from the web members, 
which would more dangerous» 


id 
produced by a severe bending st strain, 
than if their ends w ere free. 


web member rs under 
- The use of high steel for eye-bars seems illusory because the bars be 
cn are thoroughly annealed, and the material so softened that a milder — 
-/eatant might have been specified in advance. It is a moot question by. 


whether er annealing i is not more than beneficial to the material. 


ous 


oan The defects incident to high steel would appear to be more oaaner 
in pins than in any other part of the structure. 
a BT The question of fatigue and its application to bridge construction — 
E has already been considered in this discussion, but the following © 
statement by Mr. Waddell illustrates the tenacity which the 
term: “elastic limit is retained: ‘ stresses of opposite kind 
‘the sum of the two intensities, when rupture is produced, is. also 


greater than the elastic limit. te The fact that the alternate strains 
‘elastic limit,” destroys that term, as 


‘must be added, to equal the 

formerly accepted. _ it the e material were perfectly elastic Up to 34 240 

3 w without “effect. A re rev verse strain of + 25 000 lbs. ‘could 

wise be applied and removed without effect, and the material could ¥. 
alternate indefinitely from one extreme to the other. Such is not the — 
 Gase, however, as the material stood only 17 120 Ibs. under reverse rie 


demonstrates that 34 240 lbs. wa as nota an elastic limit” 


strains. 7 


but, rather, was its range of action, or power of work, or endurance. a es Ay +, 
_ Mr. Waddell appears to be somewhat confused as to the distinction — a e. 


oo Ose the effect of fatigue on a 2 to 1 ratio, and the effect of a sud- 
~ denly applied load which produces twice the strain of the same. load 


at rest. The suggestion ev very live load is twice as destructive 

asa dead load” ” is startling, as it would thus require but four ~ 

repetitions of the allowable live strain to destroy the Could nt 
the 


the author have been so misunderstood? the statement that 
al es twice as effective : as a dead load, 


live load of of was 
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‘It is to be remembered that W éhler’s were not = thi 

_ - application and release of known loads, in which case the stresses me 
i” would have varied with the rapidity of the operations, and would have __ 

“a been different above and below the elastic limit, with other conditions rid 

/ constant. The apparatus was, on the contrary, so adjusted by means me.T 

of calibrated springs that the stresses themselves remained sensibly — 


constant. This distinction is an exceedingly important one. 


It is unnecessary to add that the Launhardt formuls has not been 
introduced into the specification, as Mr. ‘Waddell states. 
_ ‘The impact effect upon a panel suspender, as compared with that a 
of a chord, has no connection with the question of fatigue. 
«Unequal tearing ” alludes to the practice of connecting but one 
Jeg of an angle in tension, and making no for the 
moment, or tendency to tear, in the piece. 
‘The author has not,found opportunity to read “De Pontibus,” but 
if is anything therein contained which permits a variation in 
_ punching exceeding that for which the bridge is designed, it is bad 2 
practice, and should be corrected. if engineers are thus lax, what 


in 
= 


Mr. Cooper's discussion the author has little to add. If 


fers the expression ‘‘range of action” to ‘‘range of work” or power 
of work,” the npibuiinse will not be disputed, and even if the old term, va” 
“elastic limit,” were completely destroyed in its old meaning | and i 

revived ia anew one, there might be little objec tion, although there 

i. no “‘limit” proper, but rather an elastic strength or power of work. hae iat 

The penstionl impossibility, however, of completely shaking off the old | Rag 
res is shown by Mr. Cooper’s suggestion that occasional 
"§ tests | be made for comparison between it and the “yield point,” which ‘an - 


is now found in practical testing by “ drop of beam. ore oe ie 


If the time should ever come when stone masonry is shown to wheal vac 
definite strength within a certain range of action,” and to require a 
_ time of * rest” to restore its original strength, we may well use the a) ie 
expression, fatigue of stone walls.” 
Giles’ suggestion that the 2 to 1 ratio pro provides sufficiently for 
Ve _ impact implies that impact would be the same for all spans. All 
experiments made, however, show conclusively that there is a large ex- ee, 
cess due to sudden application of the load on short spans and on the 


ve 


— 


first panels of long spans. There appears to be no way of providing © S 
g ap pe y 


for this except by a ial formula or table. 


per equare inch than that for dead strain, 
based upon the infrequency of the strain rather than upon any sup- . 
— that wind, etc., is dead 
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y,” Professor Marburg’s statement isa 

Ij 

& 

| 

= 

— 

— 

_| 

TE 


RRESPONDENCE ON BRIDGE SPECIFICATIONS. 


allowable strain should be established. 
x ng? The clause providing for the use of bolts instead of pins refers to 
Es rough aoe but they might wus be omitted altogether on on this class — 
of Mr. that a committee should be ap- 
ee pointed for the purpose > of procuring greater uniformity in bridge © 


deserves support. There i is little danger that the work 


: individual development, ‘but, it would tend to eliminate many useless 
mew which at present exist, and would record individual views 
in discussion as no single new can possibiy do. The difficulty in 
fie work oi such a committee, however, is little realized by those — 
Pes who have not undertaken it. 4 The Committee on Rails took four r years 
a which to formulate a report on simple shapes, with » few items in 
theory or practice to harmonize. The Committee on Tests of Material 
worked five years under similar conditions, and, after repeated un- 
successful attempts to have meetings, formulated a brief report by — 
correspondence. was with appreciation of the difficulties: of f such 


4 , _ work that the present specifications were offered for discussion, and it 

, is gratifying to note that those taking part have done so in the — . 
spirit with which they were offered, and have not confined themselves 
tointangible generalities, but have made most valuable suggestions 
has already been noted, railroad specifications should be 
' } ten from the standpoint of the railroad company, and in so doing every — 


economy will be considered, but it is the economy of durability r rather 
gt is to be regretted that anyone should hesitate to discuss matters — 
| oe _of opinion. _ Specifications can hardly be written without them, and 
: - an opinion which will not bear discussion and possible modification i is 
A careful reading « of the paper will probably make plain any 
_ apparent ambiguity in regard to compression it in members. subject to 
es alternate strains. Mr. Greiner did not state whether the required — 
section found by addition would be the necessary net or gross area. 
hd The opinion expressed against chemical analysis is not in con-— 
formity with the present practice. No short-time physical tests can 
made which will detect micro-flaws due to high sulphur. ‘How 
es does Mr. Greiner provide for this, or does he consider it the invention — 
os oo The opinion» in favor of drifting tests is directly contrary to that — 
held by the late James G. Dagron, M. Am. Soc. C. E., who, for n many ~ 
year years, was Chief Inspector of the Baltimore and Ohio Railroad, and — 
later Engineer of Bridges o of that road. 7%) 
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against bad dotaile, he hes overlooked the clause which 


_ requires all working drawings to be submitted for the approval of the ped : 


The series of quotations cited by Mr. Wilson in corroboration | of 
7 the 2 to 1 ratio is most timely « and pertinent, and ‘is the strongest 
endorsement possible for this ratio. When an examination of 
fatigue experiments indicates a corresponding ratio, it demonstrates — 
_ that this item may be included in the same proportion. It is cer- 
tainly the simplest r: ratio ¢ conceivable and should | require th the strongest — .| 
ev idence of error | to justify its abandonment for any other method of — ah 
sh _ When Mr. Cooper questions fatigue, but adopts the 2 to 1 ratio to aa 
cover ‘contingencies unknown ”; and others, realizing the existence of 
7 fatigue, n note that it should be provided for in the same ratio, the — 


a margin of difference is very slight. 
_ The increased impact on short span has long been recognized, 
and recent experiments give more definite light upon this subject, — 
though much yet remains to be learned. 
‘The tables published by Mr. Wilson are interesting records of the 
method originally adopted by him i in the use of the Launhardt formula. ‘oat 


7 ‘os If is doubtful if there is any column table adopted since mained which i is Pe 


affect the comparative results, and tends to confuse a subject — “te 


Engineering, | 1 centner per tos inch ‘Tb 


ian By Professor Marburg, 1 centner p. per square inch rng = 104 


It that the German inch i is ‘itself variable i in diferent 


has probably reached the correct value, but to avoid contusion 


inthe discussion the author has for the present paper adhered to the 
criticism that the results on weoughs iron were obtained by 
strains of different kind is correct, as shown | on page 142, but the ae | 
4 statement that the formula for transverse strain does not apply t to = ae 
cs strains beyond the elastic limit, is irrelevant, since the formula was i: 
only used where the strains were within that assumed limit. ‘The — = 
value of 300 centners (32 100 lbs.) which Professor Marburg uses, 
= not conform to the published tests; for though 32 100 Ibs. oe 
(300 centners) was applied indefinitely, so also was 34 240 Ibs. (320 
= ee = It is true that the tension tests of 34 240 Ibs. resulted ap 
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SORRESPONDENCE ON BRIDGE SPECIFICATIONS. 
in rupture, but this v was only after 10 141 645 which » Mr. 
would at least indicate that it was very close to the correct value. 7 
The value of 47 080 lbs., 25 680 lbs. was carried only to 4000000 repe- _ 
titions. It is not clear, therefore, why these values are not truly com- 
a Professor Marburg has introduced Groups III and IV, , but states — 
on data were not available by which he could plot Group III in 
5. It was for a similar reason that the author excluded these __ 
; groups altogether. - They are not sufficiently complete to prove that — 
they are not abnormal, and are of little value in comparison nwith — 
Group 11. author's purpose in the 2 to 1 ratio was ‘more 


especially in comparison with the Launhardt formula. in ihe 


Bo: It is not clear w hy the fourth and fifth items of Group I, Table No. . 
, are added, since they are not included in Wohler’s duration tests. | 
The same criticism applies to the tifth and sixth items of Group II. | 
% Fig. 5 shows a noticeable uniformity, even in the discrepancy ofthe — 
tests from the line c > and would approximate a line running from 
at c to 11 at is to be regretted, however, that the paper should 
have been misconstrued as advocating a precise interpretation, even _ 
of the 2 to 1 ratio, as it was this very precision which the author a 
_ wished to avoid, and believed he had disproved. It was expressly _ 
stated that the experiments w were ‘‘too incomplete to be considered as a D> eae 
a demonstration of an exact law,” and the “ deductions v were by no means “oa - 
conclusive.” but ‘‘the ratio receives much more confirmation than 
does the Lounhardt formule.” This last statement remains 


iti _ Professor Marburg evidently regards the theory of work, as one to u 
7: measured by force x distance, since he considers the records of de-_ 
formation as necessary to that theory. The word ‘ work,’ * however, — 7 
™ used in the sense of an exertion of strength, whether it be physical — 
work, brain work, or other form of energy. 
There appears to be some difference the of 
. a s results by Professor Marburg and by the author. It is 
: = that no authorized translation has yet been made, but 
_ Professor Marburg has evidently failed to grasp the difference between os 
“elastic limit” as formerly understood, ‘and that which has been 
“modified to meet, Bauschinger’ 8 According to the 


must be abandoned from the beginning, since the permanent elonga- 
_ tion is never entirely e eliminated after a strain is once applied. If the 
term “elastic limit,” or better, “elastic strength,” is retained, it must __ 


7 ae be with Bauschinger’ 8 new definition, as limit of uniform elongation. _ 
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Mr. Seaman, also found limit which he | termed the ‘limit 

does not increase e under action ofa static load; nor does it 


days; and after the load is removed, the elongations decrease. 
a Bausc hinger made some very interesting deductions, too profuse for 


_ insertion here, and some of which may perhaps be questioned in view | 
“4 of experiments made by others, both before and since that time, but ee: 
they throw new light upon Wohler’s tests and their practical applica- — 
a tion. . Among the most pertinent of his deductions are those which — 
dese ibe the almost infinite number of “elastic | limits ” which may 
develop under various conditions, and also that which explains that a 
_ when the ‘elastic limit ” is exceeded by strains in one direction, it is me cs - 
at once completely destroyed for strains in the opposite direction; Bea a 
thus possibly explaining the fact described by Mr. Morison, that 
columns “subject to compression apparently fail by buckling in = 
‘sion. Bauschinger’s statement that when a piece has been subject to 
- strains repeated many times, the resistance to rupture under ak 
load is not diminished by them, but rather is increased, is also of the 
4 - greatest importance, in view of the effort made by some, to to limit he ois: 
dead strain to values well within the elastic limit. 
_ If the chief interest in Wohler’s experiments were found in the fact — 
that they proved ‘‘ (a) that innumerably repeated stresses of like char- r 
acter, not the primitive elastic limit, cannot produce 
rupture, (>) that the safe limit for equal stresses, opposite 
character, i is far below the p primitive elastic limit,” their value would — BW 
be limited indeed. These facts have long been recognized and pro- 
vided for. The real value of Wohler’s experiments and of those of ae 
-Bauschinger, which followed, lies in the fact that they show *P 
proximately what may be expected beyond the ‘elastic strength,” a 
- and thus make possible an additional factor of safety and economy in in 


br 


The author does not share the regret, kindly expressed by several, 
that the prevailing tendency of discussion is to criticise. Such a os 
_ discussion by men who are recognized authorities upon the subject of o> 
w hich h they write is probably the most severe test to which a proposi- 
tion can be subjected, and is a wholesome restraint upon radical and — 

The specifications in Appendix I B have been revised the light 

the. discussions receiv ved. 


o 6 diminish after the load is relieved. _ Beyond this second limit laa aa 
_ elongations increase under static load, during several hours or possibly ba 
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(REVISED.) 


Each bidder shall submit with his" complete strain Preliminary 
sheets, showing loads assumed i in calculations and the resulting strains, “3 
~ and the sections used. ‘The strains from each kind of load shall be 
Px shown separately, and the dead load assumed shall not be less than 
that of the finished structure. At the same time, each bidder shall te. 7 


clearly the construction of all members and connections. — In case of 
bridges, all machinery shall be similarly shown. 


. All drawings furnished by the railroad company, whether of | a 


Pa oer general plans of tl the structure, and such details as will ‘show 


— 


or of details of shall be : Strictly fol- 


iar 4, aul drawings shall be made on the dull side. of tracing cloth, and Uniform 
of a uniform size of 24x 36 ins. After the work is completed, these — 
drawings, in good condition, shall become the property of the railroad , = 7 
company for file. ~The contractor may ‘retain such or 
oo as he may d desire for record. by Eom 
structure shall be e wholly of rolled steel and iron. “Type 
A re of truss shall be used in which the strains may be readily caleu- — m4 q 
lated and which subjects no pin-connected member to alternate strains. 
_ Continuous girders will be allowed only in case of upper chords carry- aa 
ing floors, and in special cases of draw bridges. 
aay Double-track, through-truss bridges shall have | only two trusses, > 
; ‘and four-track bridges only three trusses, unless otherwise specified. — 9 
In the case of plate girders, special | provisions shall be made for 


a 

a 
— 
aa 

— 
1 a 
3 
Upon the award 0 e contract and beiore work 1s commenced, Drawings 3 a 
a complete set of working drawings, in duplicate, including strain 
sheets and general drawings previously mentioned, shall be submitted 

company for approval, All material ordered or work vi 
befo 
=> 
> 
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TIO 
an through ‘bridges shall have floor con- 
ted by a web, with ‘both segments of the posts. Hip verticals on 
be made rigid. All spans shall have rigid end panels of lower chord — 
8. When i in plate girders the variation in thickness of 
flange plates exceeds 1 in., a separate floor system 0 of stringers shall be 
Crearance. The distance from center to center of double t is 13 ft.* 
«40, All through-bridges, on tangents, shall have a clear opening as a 
on the clearance diagram, Fig. or as may be by 
local State laws. The width shall be propor- 
increased for two or more tracks. 
curves, the width shall be - + 
creased as required by curvature and elevation 
r Floor TL All bridges shall be provided with a steel | 
system. floor system. Stringers and deck-plate girders 
shall be spaced a distance apart between cen 
ters equal to their depth, with a minimum 
et. limit of 6 ft. 63 ins., , unless otherwise re required. A 
Wooden 12. The wooden floor of ties and guard 
; __e will be furnished and put on by the railroad "DIAGRAM 
company, unless otherwise "specially provided Fie. 7. 
by contract. The c cross-ties shall be of long-leafed 3 yellow pine, 8 ins. 
square and 9 ft. long, spaced 6 ins. apart in the clear and notched + in. ae 
over the stringer. In cases where the stringers are spaced more than © ee 
6 ft. 6 ins. apart, the depth of the tie shall be increased so that the 
a strain on the outer fiber does not exceed 1000 lbs. per square inch,’ 
: considering the weight of a single driver a as being carried by two ties 
1B. Guard rails of long-leafed yellow pine, 6x8 ins. shall be placed — 
Bt ft. 9 ins. in’ the clear, from the center of the track. They shall be © iat 8 
_ notched } in. Ov er the cross-ties and spliced with a hocinontal half and 


a half joint, 6 ins. long over over “a tie. ‘ They shall be bolted to the cross-tie 


: 


ry 
- fourth tie between, by }-in. bolts. To all other ties they shall be — 
fastened by #-in. square spikes. Inside rail-guards shall be placed 
a distance of 7 ins. in in the clear inside the track rail, : and i shall 


The structure shall te designed to resist the the 


load. 15. The dead load shall consist of the entire weight of ‘the struct 
ure, distributed at the various panel points. ~ 4 
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he 16. The weight of rails, guard rails, splices and bolts shall be esti 

mated at 175 lbs. per lineal foot of track: ties of standard dimensions p ; 

at 225 Ibs. per lineal foot of track, and special ties at 4} Ibs. per foot — 
s 17. The live load shall be the moving load, with impact. The mov- in er: 
ing load shall consist of two typical consolidated engines, follow ed by 

a train, and distributed as shown i in the diagram, Fig. 8. ae : 


24.000 LBS. 


24000 LBS. 
—24 000 LBS. | 


-—24000 LBS.| 


--20 000 LBS. 


40 000 Les. 


-—24 000 LBS. 


000 LBS. 


-—24 000 LBS. 


18. shall be as many tracks, each placed i in 


- position as to produce the maximum strains in the structure. 
eg The impact will be the increase of live strain, due to the sudden Impact. 
- application of the moving load, and shall be provided for for according to — 


the following g table by interpolation: 


‘Where me Distance in feet through which the moving load must 


pass to produce the given strain. 
I = Percentage of increase of ng load. 


Se 


: many trains as there are ieeibiins moving in the same direction, at the ee 
‘ eo ¥ Provision shall be made for the sudden starting or ‘stopping Sliding 
a trains, estimating the coefficient of sliding friction at 20 per cent. fiction, 
. a 22. Provision shall be made for wind pressure, acting in either Wind _ 
direction horizontally of 40 Ibs. per square foot of the surface of all Pres 
trusses and the floor, as seen in elevation, considering the ties solid 
area; in addition to a | train 10 ft. high, beginning 2 ft. 6 ins. above re # fF, 
7 base of rail, and moving across the bridge. In the case of plate 
girders, only one girder need be considered. The wind forces shall Fo 
be properly distributed between the upper and lower chords. 
: ag 23. Prov ision shall be made for a variation of temperature of of 150° Expansion. a 
eS eh The lives strain will be t the total variation in strain ‘produced by Liveand 
: the live load. fF The — strain will be the minimum strain to which a aan = 


m 
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ON BRIDGE SPECIFICATIONS. 
25. The allowable live strain per square inch shall not one one 
26. The allowable dead strain per square inch ail rolled steel ail ay ¥ 
_ 27. When wrought iron is used, the allowable dead strain per Pe! > 
g 1 
square inch shall not exceed 16 000 Ibs. 
28. For columns subject to direct compression only, the allowable — as: 
_ ouking strain of 18 000 lbs. per square inch shall be reduced, in pro- = 
portion to the ome of length to least radius of gyration, by 1 the fol- 


r= radius of gyration of , in inches. 
29. For columns subject to alternate | strains of tension a: and ¢ com- 
- f- é pression, the compressive strain Shall be increased to provide for the 
7 increase of strain due to flexure in proportion to the ratio of the : 
length to the of by for mula: 
- direct in member, A 
= increased strain due to length of column, 


(ot land : r= = length and least radius of gyration of cross-section, in 
«80. ‘The increased compressive strain per square inch (gross) thus 


found shall be added to the tensile strain per square inch (net), and 
the r resulting total unit strain shall not exceed that specified for live 


Compression ms In t the case of compression flanges of beams and girders, the 
— 7 allowable working strain per square inch of such flanges for dead 
‘Strain shall be be computed by thef formula: 
» 000 w 


e strain J per square re inch, 


32. the shearing on pins, rivets, and bolts shall not exceed for 
ee te. dead strain 13 500 Ibs. per square inch of cross-section. Where ten- 
sion on rivets is unavoidable, it shall not exceed one-half the limit — 
allowed for direct shear. When a force is oblique, the componente of 
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SEAMAN ON BRIDGE SPECIFICA’ 


“aireot tension and of direct shear shall be considered separate tely a 
considered ny 


aan The bending strain in the outer fiber and the bearing: pressure _ 
- (diameter x thickness) on pins, rivets and bolts, shall not caren 


84. Ins cases: of field rivets, driven by hand, an “excess of 25% shall 


35. Wind pressure and sliding friction, either separately or com- a 
— shall not grester strain per than that al- 


‘The pressure, in per tineal inh of role, shall not ex- Rollers, 
1200 for dead load (d= = diameter, in inches). = 
BT. Bed "plates on masonry shall be so proportioned | that the Bed plates 
greatest pressure on the masonry does not exceed 300 Ibs. per square — 


38. The assumed spans for calculation shall be as s follows: _ - Span for 5? 


pin- -connected trusses—distance between centers of end pins, 
riveted girders bearing. 
track k stringers Of girders. 
eross- ‘ties “6 of track stringers. 
The assumed depth for calculation shall be: Depth for 
pin-connected trusses—distance between centers of chord pins, 
flanges (not to exceed the distance out to out of angles). 
iste girdere—distance out to out of angles. 


41. In the case ‘of deck idges and very heavy curves, some of the 
centrifugal force may be transferred to the lower lateral system, in = 7 
which case the truss shall be duly strengthened. The end portal | brac-_ 
ing in in through bridges must be of sufficient strength to. transfer the 

accumulated wind strains from the upper lateral system to the end © 

posts, and the end sway-bracing in deck bridges shall carry the whole — 


“of the accumulated wind forces from the loaded chord 


42, Each main in panel of. deck hall be with inter-_ 
; mediate sway-bracing of a sufficient section to carry one-half the maxi- — 
‘mum increment due to wind on train, and to centrifugal force. Through © 


bridges she shall be prov ided w with pont brackets at the intermediate eal 
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= of sufficient to the panel i inav ertical position 


acing 
43. Lateral and sw ay-bracing shall be designed to receive an initi 

enn strain in the diagonals of 10 000 lbs. or shall be capable of sus- 

taining a compressive strain of one-half that amount. 

‘a 44. Tension at the windw: ard ¢ column of trestle piers shall hall be evetdel- 

‘if possible, and in any case approv ed anchor bolts well secured to the 

_ 45, The struts shall be proportioned to withstand their component 

strain. No reduction shall be from chord section on account 


of 46. All shall be so that coming upon them 


nasi may be definitely calculated. The center line of resistance of a member am 
be along its neutral axis, and connections shall be so designed as 
a avoid bending, twisting or unequal tearing of the ‘member or its de- 
tails. 7 he line of strain shall p pass centrally - through any cluster of = 
_ ‘Tivets which resist it, and where angles or plates are otherwise than so 


_ connected, proper provision shall be made for the moments and second- a 


ary strains produced. Details shall be so designed as to give free os 


“cess for in inspection a and and water pockets sh shall be avoided. 
In every case the 
_ 47, All members which are subject to direct strains, in addition to 
bending moments, shall be so proportioned that the algebraic sum of — 
_ the strains coming upon them shall not exceed the specified a allowable 
strain, properly reduced in case of columns. In continuous 
_ chords of deck bridges, carrying the floor, the strain due to the live ae", 
load shall be computed from a bending moment equal to § of the maxi- > 
_-: mum moment produced by the engine on a span equal toa panel length — 
m 48. The strain on the outer fiber of solid shapes shall be computed 
from the moment of inertia ofthe section, 
Plate 49. Noallowance shall be made for the web in calculating the flange a 
girders section of plate girders. Girders formed of web plates and 1angles alone, 
= having no upper flange plate proper, will be allowed only when ties’ 
rest upon the upper flange. At least one upper flange plate, when used, 
_ shall extend from end to end of the girder, and any additional plates 4 se 
_ used to make up the flange section shall be made of such lengths as to oe 


= 


_ allow at least two rows of rivets of the regular pitch being placed at 


each end of the plate beyond the theoretical point required, and there 
_ shall be a sufficient number of rivets at the ends of the plates to trans- 
mit their value before the theoretical point of the next outside plate is a. 


yeached. Where the flange in thickness, they: shall decrease 
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from the angles, _ All plate girders shall have end and 


amount of material in section to the. material ‘spliced, with sufii- 

_ cient rivets on either side to transmit the strains from the parts cut. 
Flange angles shall be spliced with angle covers.§ 


_ 51. In calculating the shearing or bearing | strain in web rivets of 
girders, the whole o of shear acting on the side of the panel j 


52. The webs of plate girders shall be spliced, wherev er 
plate « on each side of the web of the full 


distance between flange stiffeners shall be riveted 
both sides of the web, with a close bearing against the upper and 
dower flanges and calculated columns _by the compression flange 
formula for the whole shear at the several points where they are 

7 a. ih The distance, center to center, of stiffeners, shall , 


not exceed the depth of the full web plate, but shall not be less than 4 
or Web plates generally shall have stiffeners at all splices, at points 
ce concentrated loading, and at each end of bearing plates. ae AS ine 
54. Net sections shall be used in all cases in calculating tension Net 
fee ter and in deducting rivet holes they shall be taken as } in, °ctioms. 8 
_ wider than nominal diameter of rivet. In calculating the net sections, = 
having rivets staggered, all rows shall be deducted, ualess ar- 
mays that the net section along a a zigzag line, taking all distances in 
the diagonal direction at only three-fourths their value, exceeds the J et 
‘corresponding net section directly across the plate. 
ee 55. Rivets shall not be spaced closer than three diameters, center Rivet : 
to center, nor further apart, in the | direction of the strain, than six- = 
teen times the thickness of the thinnest external plate connected, and wv 
- ~~ more than thirty times that thickness at right angles to the line 
56. Rivets shall not be spaced closer to the side of the plates than | —s ma 
a. diameters to the center of the rivet, nor further from the side than .,* i 
eight times the thickness. of plate. na In no case shall the pitch of rivets 
57. Field rivets shall be reduced to a minimum. eee aes 
58. Built shall be thoroughly spliced 
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plates. 59. “When necessary to obtain sufficient bearing surface 


= holes, re-enforcing plates shall beadded. These plates shall distribute e 
the bearing ‘Strains from the pins to the member to er to which they are 
Compression All segments of members in compression, connected lattic- 
members 
i and latticing. ing only, shall have bottom plates at each end, the thickness of which 
—_— shall not be less than 7 of the ‘distance between rivets connecting — 3 
: 4 them to the compressed member. In no case shall the length | of of the 4 
4 batten plate be less than 1} times the width of the member. a | 
61. The distance between connections of latticing shall be such — ae 
" that the individual members composing the column, considered with © 
a hinged ends and a length equal to the distance between these connec- — 
tions, | shall be stronger than the column as a whole, and in no case fr 


shall this distance exceed eight times the least width of these members. 


Where the ends of the compression member are forked to connect the | fe Ha 
_~pins, the strength of each leg shall be at least equal to the entire o 
_ strength of the column, and the re-enforcing plates shall extend = 
than 6 ins. beyond the edge of the batten plates. 
62. Single lattice bars shall have a thickness of not less than fs 
s and double ay bars not less than }; of the distance between oe 


over, web, + in. angles. rivets), 3x 2x }-in. angles. 


. to 32ins., “2h x 2%-in. 


8. to 19 i ins., 


in. channels, or 3-in. 


Single lattice bars shall — inclined at an angle of 
_ to the axis of the member, and double lattice bers at an angle of 45°, 
Expansion 64. All over 80 ft. long shall be at one end with. 


_ used without The nest of rollers shall be easily cleaned from 

65. Trusses shall be secured against allie: motion on seeaieed plates: at 

. and rollers. _ The bolster blocks shall be joined to the truss, and the aa ey 
plates shall be secured to the underlying supports by or 

‘Bye: 66. Eye-bars shall be so packed as to produce the least 
pecking moment on the pin, and shall not be packed of line with the axis 
of the member meee then + in to 1 ft. 
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Noi iron n less than in. “thick shall be used, for } Minimum 
or other idle material. No counter rod shall have less than be sq. ins. orem 


a 68. The camber shall be such that under maximum load the ‘bridge Camber. 


will not deflect below a horizontal pc position, 

Rolled Steel.—Rolled steel shall be made by the opén-hearth Chemical 


_ process, and shall contain not more than 0.04% phosphorus, 0.04% and finish. _ 

sulphur, nor 0.459 manganese. The steel shall be finished =" 4 

and smooth, and shall be a perfect product; the slightest flaw will 

be sufficient cause for rejection | at any time | during the progress | of aa 46 

70. The tensile strength, yield. ductility of the material standard 
shall be determined from a standard test piece of not more than 2 ins. ‘st Piece. 

in width, nor less than sq. in . in sectional area, cut from a  full- 


ized bar, and with sides turned or planed parallel, so as tog give 
uniform minimum section for a length of at least 12 ins. » 
71. Whenever practicable, the two sides of the test piece shall be _ ; ss 
left as they come from the rolls, but the finish on opposite sides shall 7 RA, 4 


72. In determining the ductility, the elongation shall be measured . 
Ta Ps breaking, on an original length of 8 ins., in which length shall _ — 
 oceur the curve of reduction each side of the point of fracture. 

; oe 73. The yield point shall be that strain beyond which the ae elonga- Yield point. 
tion ceases to be pr oportional to the 1 weight imposed, and m may be in- qn . 
dicated by ‘‘ drop of beam. ” Tt shall in no case be less than 559% a ie 
the maximum strain ow by the test piece. The speed of testing — ingle 
4. All rolled steel, except rivet steel, ‘Shall show by the standard Maximum _ 

test piece a maximum strength per 


square inch of 56 000 Ibs. + 4000 “Sng? 
lbs., with an elongation of 26°% in 8 ins. _ Rivet steel, when tested in “ontation 
specimens of full size of rivet rod, snail show an ultimate strain — 
_ per square inch of 52 000 lbs. +4 000 Ibs., , with an elongation of 30% a : 
Each melt of finished shall receive two tepsion tests— 


cut from each extreme of metal rolled. 


will be accepted; only such thicknesses of es of metal 

76. Each finished piece of steel shall be marked with the melt Material 

77. Wrought Iron.— —All wrought iron shall be tough, ductile, fibrous Finish. 

and uniform in quality. It shall be thoroughly welded in rolling, 

ie and finished straight and smooth. shall be free from flaws, a ws 
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Punching. 87. In the diameter of the punch shall not 


88. The holes shall be so carefully spaced and ‘punched that, upon 


78. The methods wn for testing rolled steel shall a 


Maximum 79. All iron shall show by the standard test piece a ‘maximum . 


— strength of not less than 50000 lbs. per square inch and an elonga- — 


Yield point. 80. The yield point, as shown by the standard test piece, shallin 
no case be less than 26 000 Ibs. per square in re 

— > eh All iron when cut into testing strips 1} ins. in width and with i 
ais si 4 corners rounded to } in. radius, must be capable of resisting, without 
signs of fracture, cold 90° with the inner radius not to exceed Be 
three times the thickness of the test piece. 
All iron which is to be bent in manufacture shall, in addition 
as to the above requirements, be capable of bending sharply to | a > a right es 
angle at a working heat without any signs of fracture. 
83. Casi Steel.—Steel castings shall be true to ro and free 
from injerions blow holes or other imperfections. speci- 


tion of 15% in 2 ins. 
Cast Iron.—All cast iron shall be and sound, free from 
" blow- holes, cold-shuts or other injurious imperfections. When broken, 2 4 


fracture shall indicate a good quality of gray iror iron. 

85. Sample test specimens, 27 ins. long, 2 ins. x 1 in. ; 
; a section, cast under the same circumstances as those which attend the 2 : 
_ casting of the full-sized piece, shall oustele at the center, when rest- | 4 


2.000 Ibs. ; ; the load t to be sustained two minutes, , and dow a ‘deflection 
of not less than } in. before fracture. 


86. All workmanship shall be first class. All parts 


7h a. iew shall be neatly finished. . All nuts shall be hexagonal. , 


ss more than ;'; in. the diameter of the rivet to be used, and the dinates: 
of the die shall be as ‘small as may be. ‘required to punch a clean 


— no variation from a truly opposite position of more then y 


= 


shat completly fill the holes and shall 
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— Rivets, Rivets when driven 

be machine driven wheney 


a depth at of shank. of 
on less than one-half the diameter of rivet, and with full bearing on 


2 the Plates; or they shall be countersunk when so required. «Rivet 


Fs Generally, the use of bolts instead of rivets will i be ; per- Turned — 


mitted, but when used in special cases the anes shall be reamed  analae 


and the bolts turned toadriving fit. 


-_ All holes for field rivets, excepting those in connections of Template _ 
reaming 


. _ or reamed while ‘the connecting parts are temporarily assembled in ee 
the shop. In the case of splices of upper chords oF other com-— 
pression members, they shall be brought to forcible contact by the _ y 

Use of turnbuckles, and after reaming shall have match m — put on — 


ns —_ Finished members shall be true and free from kinks, twists Members _ 


Where rivets may take tension, the rivet holes shall have dges 
94, Rods and bars which are to receive a thread shall be yeep ie 


and swa sway bracing, shall be accurately drilled to an iron template, 


95. “All members requiring shalt be prov idea with sleeve Adjustable 
nuts and check nuts. Open turnbuckles will not be allowed. The aaemeee 
ends connected shall ‘be distinctly punch-marked, at a distance of 12. 
from the screw ends ends, 80 that these ends may be accurately located 


es... 96. Heads of eye- ye-bars shall be of sufficient section to break the bar year a a 
h 4 


wid | in every case. Bars shall be full size at the neck; no patehing will be Pf thee 


97. Welds i in the body of the bars or rods willl not be allowed. 


or 


ot 
‘right engies to the axis, unless otherwise shown in the drawings. & 


variation will be allowed between diameter of pin and pin hole of more 
than vo in. For pin holes, in pieces which are not adjustable for 
lengths, of more than in. in length between centers of 
Pinholes will beallowed, 
- 100. Eye-bars shall be perfectly straight before boring; the holes 
ae hall be in the center of the heads and on the center line of the bar. — 


- Bars which belong to the same member shall be bo bored at the same ten 


bad perature and in one e operation. ‘ They shall be marked for e: erection, 80 
that may be in the same member. 
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SEAMAN ON BRIDGE SPECIFICATIONS. 

101. surfaces, except flanges of plate girders, shall be 

neatly planed or turned perpendicular to the direction of the strain, 

Stiffeners. 102. Stiffeners of plate girders shall be milled to fit t tightly against 

the flange angles, and shall be packed straight. The packing shall fit 


= close to the flange angles, leaving noopen space. 


.- Rollers 103. Rollers shall be turned and roller beds and bed plates planed; oe 


tarmetl the bottom of shoes shall be planed exactly parallel to the center line ‘ces 
pin, unless otherwise shown in the drawi ings. 


 Parrine 


All iron shall be scraped free from receive one coat 
of pure kettle-boiled linseed oil before leaving the shops, and one coat Tie 
2 approved paint after erection. All surfaces which come in contact, — 


or are enclosed, shall receive one coat of ‘approved ‘paint | before ite ua 


107. All turned or faced surfaces shall receive a a coat aidan white lead 


Free access and information shall be given by 
ite for a thorough: inspection of material and workmanship. 
= 109. The inspector will make detailed reports of his inspectin to the eke = 
_ engineer and may notify the contractor of any defects in material and tae 


-workmanship, but all acceptances made by him shall be considered 
temporary, and his inspection shall in no way relieve the contractor of ty oS eee 
full responsibility for the character and accuracy ae the wee ‘until its 


ll f 
ard test may ben necessary te dotermine the uniform ¢ quality of 


'% _ the material, and also the use of a reliable heating: machine with 1 neces 
4 
1. Full-sized members may be tested to by the engi- 
_-neer. They v will be paid for at cost, less their scrap value, if t they or: 
the | requirements, but when the are not with, 
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i 
roa _-——s the finished material as he may consider warranted by the results of ==> 
_ these tests will be made by the engineer. 
— 


